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1— INTRODUCTION  AND  SUMMARY  OF  CONCLUSIONS. 


By  B.  E.  Fernow. 


INTRODUCTION. 


One  of  the  arguments  upon  which  a  change  of  policy  in  regard  to 
our  forests,  and  especially  on  the  part  of  the  National  Government,  is 
demanded,  refers  to  the  influence  which  it  is  claimed  forest  areas  exert 
upon  climate  and  waterflow.  It  is  argued  that  the  wholesale  removal 
and  devastation  of  forests  aflfects  climate  and  waterflow  unf avoidably . 

Popular  writers  on  forestry,  friends  of  forestry  reform,  and  the  public 
mind  have  readily  taken  hold  of  this  proposition,  enlarged  upon  it,  and 
generalized  without  sufficient  and  relevant  premises,  and  before  it  was 
possible  for  science  and  systematic  observations  to  furnish  grounds  or 
sound  deductions;  hence  we  have  had  only  presumptions  supported  })y 
supei'ficial  reasoning  and  occasional  experiences.  Even  scientific  writers 
have  discussed  the  question  without  proper  basis,  and  have  sought  to 
reason  out  the  existence  or  absence  of  such  an  influence  upon  general 
premises  and  such  evidence  as  the  history  of  the  world  seemed  to  fur- 
nish, or  else  upon  observations  which  were  either  of  too  short  dunition 
to  allow  elimination  of  other  disturbing  factoi*s  or  else  were  otherwise 
unreliable. 

From  the  complication  of  causes  which  produce  climatic  conditions 
it  has  always  been  difficult  to  prove,  when  changes  of  these  conditions 
in  a  given  region  were  observed,  that  they  are  permanent  and  not  due 
merely  to  the  general  periodic  variations  which  have  been  noted  in  all 
climates  of  the  earth,  or  that  they  are  due  to  a  change  of  forest  condi- 
tions and  to  no  other  causes;  hence  some  climatologists  have  thought 
proper  to  deny  such  influences  entirel3^  On  the  other  hand,  there  are 
as  trustworthy  and  careful  observers  who  maintain  the  existence  of  such 
influences;  but  only  of  late  has  the  question  been  removed  from  the 
battle  field  of  opinions,  scientific  and  unscientific,  to  the  field  of  experi- 
ment and  scientific  research,  and  from  the  field  of  mere  speculation  to 
that  of  exact  deduction.     But  the  crop  of  incontrovertible  facts  is  still 
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scanty,  and  further  cultivation  will  be  necessary  to  gather  a  fuller 
harvest  and  then  to  set  clear  the  many  complicated  questions  connected 
with  this  inquiry. 

Meanwhile  a  thorough  beginning  with  a  view  to  settle  the  question 
by  scientific  methods  and  careful  systematic  measurements  and  observa- 
tions has  been  made  in  Europe,  where  the  existence  of  well-established 
forest  administrations,  manned  with  trained  observers,  has  rendered 
practicable  the  institution  of  such  work  on  an  extensive  scale — the  only 
one  which  can  yield  adequate  results.  Notabl}'  the  observations  made 
at  the  duplicate  stations  in  Prussia,  and  recorded  for  fourteen  succes- 
sive 3'ears,  furnish  reliable  material  for  the  discussion  at  least  of  the 
relation  of  forest  cover  to  meteorological  phenomena,  and  from  these 
in  time  the  nature  and  extent  of  any  influence  upon  the  climate,  if  such 
exists,  may  be  determined. 

Prof.  M.  W.  Harrington,  now  Chief  of  the  Weather  Bureau,  has,  in 
the  following  pages,  compiled  these  and  other  observations,  and  in  an 
ingenious  manner  has  compressed  them  into  graphic  illustrations,  which 
readily  convey  the  results  to  the  reader.  While  an  attempt  has  been 
made  to  discuss  the  problems  and  records  in  popular  form,  the  student 
of  forest  meteorological  problems  will  find  not  less  useful  the  clear  and 
unbiased  statements  of  what  these  problems  involve  and  what  the 
records  do  and  do  not  show. 

It  may  be  proper  to  call  attention  to  and  accentuate  the  fact  that  the 
question  of  practical  importance  is  not  so  much  as  to  the  effects  upon 
the  general  climate,  but  as  to  the  local  modification  of  climatic  condi- 
tions which  a  forest  area  may  produce. 

It  can  not  be  too  strongly  impressed  upon  those  who  disclaim  any 
influence  of  forest  cover  on  climate,  because  the  cosmic  causes  by 
which  this  is  produced  are  imme^asurably  greater,  that  there  are  two 
classes  of  climate  alwaj's  to  be  considered  separately,  namely,  the  gen- 
eral climate  and  the  local  climate.  The  latter  is  of  most  importance  to 
us,  and  alone  can  be  modified  by  small  causes.  We  modify  it  by  build- 
ing a  house  around  us,  thus  altering  the  tempemture  and  moisture  con- 
ditions of  the  atmosphere  so  inclosed;  but  the  question  is,  whether  we 
can  alter  these  conditions  on  a  larger  scale  by  such  means  as  alternating 
forest  areas  and  fields  or  by  large  bodies  of  forest.  We  arc  not  so 
much  concerned  as  to  whether  the  total  i-ainfall  over  the  continent  is 
increased,  but  whether  the  distribution  of  precipitation  in  time  and 
quantity  ov^er  and  near  a  forest  area  is  influenced  by  its  existence; 
whether  we  or  our  crops  feel  its  absence  or  presence  in  our  immediate 
neighborhood;  whether  the  protection  it  seems  to  afford  and  the 
changes  it  seems  to  produce  in  the  meteorological  phenomena  are  or 
are  not  real  and  of  sufficient  magnitude  to  influence  our  forest  policy. 

We  would  here  call  special  attention  to  the  memoir  of  Prof.  Cleve- 
land Abbe,  contained  in  this  bulletin,  from  which  the  diflSculty  of 
obtaining  accurate  records  of  rainfall  with  the  gauges  in  general  use  is 
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apparent.     When  we  find  our  means  of  measurement  so  deficient  we 
most  be  careful  how  far  we  base  conclusions  on  their  records. 

In  this  connection  the  very  suggestive  paper  by  Mr.  George  E. 
Curtiss,  contained  in  this  bulletin,  should  receive  attention.  His  clas- 
sification of  I'ains  into  convective,  orographic,  and  cyclonic  will  cer- 
tainly assist  in  developing  true  conceptions  as  to  cause  and  effect  and 
possible  relation  of  surface  conditions  to  rainfall. 

While,  then,  conclusive  deductions  may  perhaps  not  be  as  yet  admis- 
sible, we  can  not  refrain  from  pointing  out  the  results  obtained  in  the 
forest  station  at  Lintzel  (recorded  on  page  113),  which  seem  to  show 
tiiat  forest-planting  did,  under  the  conditions  there  prevailing,  pro- 
duce a  considerable  change  in  meteorological  conditions. 

We  can  understand  readily  that  if  any  influence  exists  it  must  be 
due,  in  the  first  place,  to  the  mechanical  obstruction  which  the  forest 
cover  presents  to  the  passage  of  air  currents  and  to  the  action  of  the 
sun's  i-ays  upon  the  soil — it  must  result  from  a  difference  in  isolation 
and  consequent  differences  in  temperature  and  evapoi-ation  over  forest 
and  field.  It  is  also  readily  understood  that  the  influence  can  become 
appreciable  only  when  large  enough  areas  exhibiting  such  differences 
are  opposed  to  each  other,  capable  of  producing  local  currents  of  air ' 
which  may  interconmaunicate  the  characteristics  of  the  one  area  to  the 
other.  The  size  and  character  of  the  forest  growth,  its  density, 
height,  situation,  and  composition,  are,  therefore,  much  more  impor- 
tant in  determining  its  influence  than  has  been  hitherto  supposed.  It 
is  not  trees,  but  masses  of  foliage,  which  ma}'  be  effective.  A  large 
sheet  covering  an  extended  area  from  the  influence  of  the  sun  would 
produce  almost  the  same  differences  in  meteorological  conditions  that 
a  forest  cover  is  expected  to  produce. 

While,  then,  we  may  admit  a  primn  that  extent  or  area  and  condi- 
tion of  the  forest  cover  are  important,  we  have  as  yet  no  data  from 
which  to  calculate  any  proper  size  or  proportion,  and  the  attempts  to 
fix  a  certain  percentage  of  forest  cover  needed  for  fa  voidable  climatic 
conditions  of  a  country  are  devoid  of  all  rational  basis. 

Leaving  the  question  of  forest  influences  upon  climate  as  still  await- 
ing final  solution,  we  may  speak  with  much  more  confidence  of  the 
effect  which  forest  cover  exerts  upon  the  disposal  of  water  supplies. 
This  effect  can  be  much  more  readily  studied  and  shows  itself  much 
more  conspicuously.  It  is  perhaps  also  much  more  important  to 
human  economy,  for  it  is  becoming  more  and  more  apparent  that  our 
agricultural  production  is  dependent  not  so  much  upon  the  amount  of 
rainfall  as  upon  the  proper  disposal  of  the  waters  that  fall. 

Recognizing  this  truth,  the  American  Association  for  the  Advance- 
ment of  Science,  in  1891,  sent  the  following  resolution  to  the  Secretary 
of  Agriculture: 

The  American  Association  for  the  Advancement  of  Science  respectfully  submits  for 
the  consideration  of  the  Secretary  of  Aprriculture  that  the  future  of  successful  and 
more  productive  agriculture  dei)endH  very  larj^ely  upon  a  rational  water  manage- 
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ment,  meaning  thereby  not  only  the  use  of  water  for  irrigation  in  the  arid  and  sub- 
arid  regions,  but  the  rational  distribution  and  use  in  the  humid  regions  of  available 
water  supplies  by  means  of  horizontal  ditches  and  irrigation  systems,  combined 
with  proper  mechanical  preparation  of  the  soil,  and  with  drainage  systems,  with  the 
object  of  fully  utilizing  the  water  for  plant  production  and  providing  for  the  safe 
and  harmless  remo\'al  of  the  surplus. 

The  present  policy  of  forest  production  and  of  allowing  our  waters  to  run  to  waste 
not  only  entails  the  loss  of  their  beneficial  influence  upon  plant  production,  but 
permits  them  to  injure  crops,  to  wash  the  fertile  mold  from  the  soil,  and  even  to 
erase  and  carry  away  the  soil  itself. 

It  is  upon  these  considerations  that  the  association  respectfully  suggests  to  the 
honorable  Secretary  the  desirability  of  utilizing  the  Weather  Bureau,  the  various 
agricultural  experiment  stations,  and  other  fon;es,  in  forming  a  systematic  service 
of  water  statistics,  and  in  making  a  careful  survey  of  the  condition  of  water  supplies, 
which  may  serve  as  a  basis  for  the  application  of  rational  principles  of  water  man- 
agement. 

How  poorly  we  understand  the  use  of  these  supplies  is  evidenced 
yearly  b}"  destructive  freshets  and  floods,  with  the  accompanying  wash- 
ing of  soil,  followed  by  droughts,  low  water,  and  deterioration  of  agri- 
cultural lands. 

It  may  be  thought  heterodox,  but  it  is  nevertheless  true  that  the 
manner  in  which  most  of  the  water  of  the  atmosphere  becomes  avail- 
able for  human  use  (namely,  in  the  form  of  i-ain)  is  b}'  no  means  the 
most  satisfactory,  not  only  on  account  of  its  irregularity  in  time  and 
quantity,  but  also  on  account  of  its  detrimental  mechanical  action  in 
falling;  for  in  its  fall  it  compacts  the  ground,  impeding  percolation. 
A  large  amount  of  what  would  be  carried  off  by  underground  drainage 
is  thus  changed  into  surface-drainage  waters.  At  the  same  time  by 
this  compacting  of  the  soil  capillary  action  is  increased  and  evapoiu- 
tion  thereby  accelerated.  These  surface  waters  also  loosen  rocks  and 
soil,  carr^nng  these  in  their  descent  into  the  river  courses  and  valleys, 
thus  increasing  dangers  of  high  floods  and  destroying  favorable  cul- 
tural conditions. 

Here  it  is  that  water  managetnent  and,  in  connection  with  it  or  as  a 
part  of  it,  forest  management  should  be  studied;  for  without  fiwest 
munugeineiit  no  rational  water  inanagem eiit  is  poHnihle.  The  forest  floor 
reduces  or  prevents  the  injurious  mechanical  action  of  the  I'ain  and 
acts  as  a  regulator  of  water  flow.  Hitherto  water  management  in  rainy 
districts  has  mainly  concerned  itself  with  getting  rid  of  the  water  as 
fast  as  possible,  instead  of  making  it  do  service  during  its  temporary' 
availability  by  means  of  proper  soil  management,  horizonbil  ditches 
and  reservoirs — drainage  and  irrigation  systems  combined.  It  seems 
to  have  been  entirely  overlooked  that  irrigation,  which  has  been  con- 
sidered only  for  arid  and  subarid  regions,  is  to  be  applied  for  plant 
production  in  well-watered  regions  with  equal  benefit  and  profit,  if 
combined  with  proper  drainage  systems  and  forest  management.  A 
discussion  of  the  manner  in  which  the  forest  influences  the  disposal  of 
water  supplies  has  been  made  a  spe^nal  part  of  this  publication. 


SUMMABY   OF   CONCLUSIONS.  13 

It  will  be  observed  in  this  bulletin  that  the  historical  method  of  dis- 
cussing the  subject  of  forest  influences, which  consists  in  adducing  gen- 
eral observations  throughout  the  world,  has  given  place  to  the  scientific 
method,  which  relies  upon  specific  observations  and  experiments  and 
upon  the  application  of  well-established  physical  laws  to  the  explana- 
tion of  the  facts  observed. 

SUMMARY  OF  CONCIiUSIONS. 

For  those  who  wish  to  know  only  what  the  present  state  of  the 
question  of  forest  influences  is,  we  have  summarized  what  conclusions 
may  be  drawn  from  the  facts  presented  in  this  bulletin,  referring  them 
to  the  body  of  the  report  for  the  basis  of  these  conclusions  and  the  dis- 
cussion ill  extenso.  This  arrangement,  we  are  aware,  is  not  customary 
and  logical,  but  since  the  object  of  this  bulletin,  to  some  extent,  jb  to 
familiarize  not  only  the  student  but  the  general  public  with  the  subject, 
it  seemed  expedient  to  meet  the  convenience  of  the  general  reader  in 
this  manner.  For  easy  reference  the  pages  of  this  bulletin  containing 
the  data  upon  which  each  conclusion  is  reached  are  given  in  paren- 
theses at  the  end  of  each  paragraph. 

GENERAL  CONSIDERATIONS. 

(1)  We  must  keep  separate  two  main  questions,  namely, What  is  the 
diflference  of  conditions  within  and  without  the  forest?  and  How  far  is 
the  difference  of  conditions  within  the  forest  communicated  to  the  out- 
side, /.  ^.,  how  far  does  the  forest  influence  the  conditions  outside? 
(Pp.  23-40.) 

(2)  The  general  climatic  conditions  in  which  the  forest  is  situated  as 
well  as  its  situation  with  reference  to  elevation  and  exposure,  further- 
more its  composition,  whether  evergreen  or  deciduous,  its  destiny,  its 
height  and  extent,  the  character  of  the  forest  floor,  and  other  features 
which  determine  its  quality,  must  all  combine  in  producing  variety,  at 
least  quantitatively,  both  as  to  difference  of  conditions  within  and 
without  the  forest  and  as  to  possible  exchange  of  the  same,  and  hence 
the  question  of  forest  influences  can  be  properly  discussed  only  with 
reference  to  these  other  conditions.  We  must  refrain  from  generaliz- 
ing too  readily  from  one  set  of  conditions  to  another  set  of  conditions. 
(Pp.  40-121.) 

(3)  In  the  matter  of  forest  influence  upon  waterflow,  besides  the 
above  mentioned,  other  conditions,  the  topography  and  geology  or 
stratification  of  soil,  must  also  be  taken  into  account  and  generaliza- 
tions without  regard  to  these  must  be  avoided.     (Pp.  123-157.) 

(4)  No  influence  upon  the  general  climate  which  depends  upon  cos- 
mic causes  can  in  reason  be  expected  from  a  forest  cover.  Only  local 
modifications  of  climatic  conditions  may  be  anticipated;  but  these 
modifications  if  they  exist  are  of  great  pmctical  value,  for  upon  them 
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rest  success  or  failure  in  agricultui*ai  pui^suits  and  comfort  or  discom- 
fort of  life  within  the  given  cosmic  climate.  *  The  same  (condition  must 
be  insisted  upon  with  reference  to  forest  influences  upon  waterflow, 
which  can  exist  only  as  local  modifications  of  water  conditions,  which 
are  due  in  the  first  place  to  climatic,  geologic,  and  topographic  condi- 
tions.    (Pp.  157-170.) 

DIFFERENCE     OF    METEOROLOGICAL    CONDITIONS    WITHIN   AND   WITHOUT 

THE   FOREST. 

(1)  Soil  temjyeratureH, — The  genenil  influence  of  the  forest  on  soil 
temperatures  is  a  cooling  one,  due  to  the  shade  and  to  the  longer  reten- 
tion of  moisture  in  the  forest  floor  as  well  as  in  the  air,  which  must 
be  evaporated  before  the  ground  can  be  warmed.  As  a  consequence 
the  extremes  of  high  and  low  temperature  within  the  forest  soil  occur 
much  later  than  in  the  open,  and  both  extremes  are  reduced,  but  the 
extreme  summer  temperatures  much  more  than  the  winter  tempera- 
tures.    (Pp.  40-46.) 

The  diflference  between  evergreen  and  deciduous  forests,  which  almost 
vanishes  in  the  winter  time,  is  in  favor  of  the  deciduous  as  a  cooling 
element  in  summer  and  autumn,  while  during  spring  the  soil  is  cooler 
under  evergreens.  The  eflfect  increases  naturally  with  the  age  and 
height  of  the  trees.     (Pp.  46-50.) 

(2)  Air  tewjyerature^  under  tJw  crowns. — The  annual  range  of  air  tem- 
perature is  smaller  in  the  forest  than  in  the  open;  the  effect  upon  the 
minimum  temperature  (^.  <?.,  the  effect  in  winter)  is  less  than  on  the 
maximum  temperature  (/.  ^.,  the  effect  in  summer).  The  combined 
effect  is  a  cooling  one.  The  range  of  temperature  is  more  affected 
than  the  average  absolute  temperature,  or,  in  other  words,  the  moder- 
ating influence  is  greater  than  the  cooling  effect.     (Pp.  51-53.) 

The  monthly  minima  for  middle  latitudes  are  uniformly  reduced 
during  the  year,  and  the  monthl}'  maxima  are  much  more  reduced 
during  the  summer  than  during  the  winter.  On  the  average  the  forest 
is  cooler  than  the  open  country  in  summer,  but  about  the  same  in 
winter,  with  a  slight  warming  effect  in  spring.     (Pp.  58-58.) 

The  difference  between  the  mean  monthl}'^  air  temperatures  in  the 
woods  and  in  the  open  varies  with  the  kind  of  forest  much  more  than 
is  the  case  for  soil  temperatures.  The  evergreen  forest  shows  a  sym- 
metrical increase  and  decrease  throughout  the  year.  The  deciduous 
forest  shows  a  variable  influence  which  diminishes  from  the  midwinter 
to  springtime,  but  increases  rapidly  as  the  leaves  appear  and  grow, 
l)ecoming  a  maximum  in  June  and  July  and  then  diminishing  rapidly 
until  November.  The  annual  average  effect  is  about  the  same  both 
for  evergreens  and  deciduous  forests.     (Pp.  58-60.) 

Forests  situated  at  a  considerable  elevation  above  the  sea  have  sen- 
sibly the  same  influence  on  the  reduction  of  the  mean  temperature  as 
do  forests  that  are  at  a  low  level.     (P.  60.) 
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Young  forests  affect  the  air  temperature  very  differently  from  mature 
forests;  in  the  former  the  minimum  temperatures  are  always  reduced, 
but  the  maxima  are  exaggerated.  The  observations  on  which  this 
conclusion  is  based  ought,  perhaps,  to  be  considered  as  pertaining  rather 
to  the  case  of  tempei'atures  in  the  tree  tops.     (P.  60.) 

(3)  Air  temperatures  within  thecroiims. — The  mean  temperature  of 
the  air  in  the  tree  tops,  after  correcting  for  elevation  above  ground,  is 
rather  higher  than  over  open  fields.  The  effect  of  tree  tops  does  not 
appreciably  depend  upon  the  height  of  the  station  above  ground.  The 
effect  upon  the  minima  is  generally  greater  than  on  the  maxima,  the 
total  effect  being  a  warming  one.  A  tree  top  station  is  in  general 
intermediate,  as  to  temperature,  between  a  station  near  the  ground  in 
the  forest  and  one  in  the  open  field.     (Pp.  61-66.) 

Evei'green  forests  show  less  difference  between  the  temperature  in 
the  crown  and  Ijelow,  and  altogether  more  uniformity  in  temperature 
changes  throughout  the  3^ear  than  deciduous  growth.     (P.  67.) 

The  vertical  gradient  for  temperature  within  the  forest,  on  the  aver- 
age, of  all  stations  and  all  kinds  of  forest  trees  is  large,  var^ang  from 
0.61^  F.  per  100  feet  in  April  to  2.50^  F.  in  July.     (P.  68.) 

A  reversal  of  the  vertical  gradient,  namely,  a  higher  temperature 
above  than  below,  occurs  in  the  wood,  especially  in  the  summer  time. 
It  also  occurs  in  the  open  air  regularly  at  night,  and  may  be  three  or 
four  times  as  large  as  that  just  mentioned.  In  general,  the  action  of 
the  forest  tendsto  produce  a  vertical  distribution  of  temperature,  like 
that  over  snow  or  level  fields  on  clear  nights.     (P.  69.) 

(4)  Air  temperature  above  the  crawm, — The  temperature  at  consider- 
able heights  above  the  forests  appears  to  be  slightly  affected  by  the 
forest,  and  more  so  with  evergreens  than  with  deciduous  growth.  The 
vertical  gradients  of  temperature  within  30  feet  above  the  tops  of  the 
trees  are  all  reversed  throughout  the  leafy  season;  the  gradients  arc 
also  greater  above  the  tree  crown  than  below,  at  least  during  the  clear 
sky  and  calm  air.  The  wind  affects  the  temperature  under  and  within 
the  crowns,  but  makes  little  difference  above  them.  The  surface  of 
the  forest  crown  appears  meteorologically  much  like  the  surface  of 
the  meadow  or  cornfield.  It  is  as  if  the  soil  surface  has  been  raised 
to  the  height  of  the  trees.     (Pp.  69-72.) 

{b)  Air  temperature  inge7i€7*aL — From  the  preceding  generalizations  it 
appears  that  the  forest  affects  the  temperature  just  as  any  collection  of 
inorganic  obstacles  to  sunshine  and  wind;  but  as  an  organic  being  the 
forestmay  be  also  an  independent  source  of  heat.  Careful  observations 
of  the  temperature  within  the  trunk  of  the  tree  and  of  the  leaves  of  the 
tree  show  that  the  tree  temperature  is  affected  somewhat  by  the  fact  that 
the  rising  sap  brings  up  the  temperature  of  the  roots,  while  the  return 
sap  from  the  leaves  brings  their  temperature  down,  and  the  tree  temper- 
ature, considered  as  the  result  of  the  complex  adjustment,  is  not  appreci- 
ably affected  by  any  heat  that  may  be  evolved  by  the  chemical  processes 
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on  which  its  growth  depends.  It  is  not  yet  clear  as  to  whether  the 
chemical  changes  that  take  place  at  the  surface  of  the  leaves  should  give 
out  any  heat;  it  is  more  likely  that  heat  is  absorbed,  namely,  rendered 
latent,  especially  in  the  formation  of  the  seed ;  the  process  of  germination 
usually  evolves  this  latent  heat;  the  immensequantity  of  water  transpired 
and  evaporated  by  the  forests  tends  to  keep  the  leaves  at  the  same  tem- 
perature as  that  of  the  surface  of  water  or  moist  soil.     (Pp.  73-95.) 

(6)  Humidity  of  air, — The  annual  evaporation  within  the  forests  is 
about  one-half  of  that  in  the  open  field;  not  only  is  the  evaporation 
within  a  forest  greatest  in  May  and  June,  but  the  difference  between 
this  and  the  evaporation  in  the  open  field  is  also,  then,  a  maximum, 
which  is  the  saving  due  to  the  presence  of  the  woods.  The  average 
annual  evaporation  within  the  woods  is  al)out  44  per  cent  of  that  in 
the  field.  Fully  half  of  the  field  evaporation  is  saved  by  the  presence 
of  the  forest.     (P.  96.) 

The  quantity  of  moisture  thrown  into  the  air  by  transpiration  f  roni 
the  leaves  in  the  forest  is  sometimes  three  times  that  from  a  horizontal 
water  surface  of  the  same  extent,  and  at  other  times  it  is  less  than  that 
of  the  water.  The  transpiration  from  leaves  in  full  sunshine  is  decid- 
edly greater  than  from  leaves  in  the  diffused  daylight  or  darkness. 
The  absolute  amount  of  annual  transpiration,  as  observed  in  forests  of 
mature  oaks  and  ])ecches  in  central  Europe,  is  about  one-quarter  of 
the  total  annual  precipitation.     (Pp.  77,  78.) 

The  percentage  of  rainfall  evaporated  at  the  surface  of  the  ground 
is  about  40  per  cent  for  the  whole  yciir  in  the  open  field,  and  about  12 
per  cent  for  the  forest,  and  is  greater  under  deciduous  than  under 
evergreen  forests.     (P.  98.) 

The  evaporation  from  a  saturated  bare  soil  in  the  forest  is  about  the 
same  as  that  from  a  water  surface  in  the  forest,  other  conditions  being 
the  same.     (P.  99.) 

The  presence  of  forest  litter  like  that  lying  naturally  in  undisturlied 
forests  hinders  the  evaporation  from  the  soil  to  a  remarkable  extent, 
since  it  saves  seven-eighths  of  what  would  otherwise  be  lost.     (P.  100.) 

The  total  quantity  of  moisture  returned  into  the  atmosphere  from  a 
forest  by  transpiration  and  evaporation  from  the  trees  and  the  soil  is 
about  75  per  cent  of  the  precipitation.  For  other  forms  of  vegetation 
it  is  about  the  same  or  sometimes  larger,  varying  between  70  per  cent 
and  90  per  cent;  in  this  respect  the  forest  is  surpassed  by  the  cereals 
and  grasses,  while  on  the  other  hand,  the  evaporation  from  a  bare  soil 
is  scarcely  30  per  cent  of  the  precipitation.     (P.  101.) 

The  absolute  humidity  within  a  forest  exceeds  that  of  the  glades  and 
the  plains  by  a  small  quantit3\  The  relative  humidity  in  the  forest  is 
also  larger  than  in  the  glades  or  plains  by  2  per  cent  to  4  per  cent.  For- 
ests of  evergreens  have  from  two  to  four  times  the  influence  in  increasing 
relative  humidity  than  do  forests  of  deciduous  trees.     (Pp.  102-105.) 

The  gauges  in  European  forest  stations  catch  from  75  to  85  per  cent 
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when  placed  under  tne  trees,  the  balance  reprenenting  that  which 
passes  through  the  foliage  and  drips  to  the  ground  or  runs  down  along 
the  trunks  of  trees,  or  else  is  intercepted  and  evaporated.  The  per- 
centage withheld  by  the  trees  and  which  either  evaporates  from  their 
surface  or  trickles  along  the  trunk  to  the  ground  is  somewhat  greater 
in  the  leafy  season,  though  the  difference  is  not  groat.  Deciduous  and 
evergreen  trees  show  but  slight  differences  in  this  reHi>ect.  More  rain 
is  usually  caught  by  gauges  at  a  given  height  above  the  forest  crown 
than  at  the  same  height  in  open  fields,  but  it  still  remains  doubtful 
whether  the  rainfall  itself  is  really  larger  over  the  foi'ests,  since  the 
Tecoi"ded  catch  of  the  rain-gai^ge  still  requires  a  correction  for  the 
influence  of  the  force  of  the  wind  at  the  gauge.     (Pp.  106-110.) 

In  such  cases  where  over  a  large  area  deforestation  and  ref ore^station 
have  seemingly  gone  hand  in  hand  with  decrease  and  increase  of  rain- 
fall, the  possible  secular  change  in  rainfall  must  also  be  considered. 
Yet  the  experience  of  increased  rainfall  over  the  station  at  Lintzel 
(p- 113),  with  increase  of  forest  area,  points  strongly  toward  a  possible 
interdependence  under  given  conditions.     (Pp.  111-118.) 

By  condensing  dew,  hoar  frost,  and  ice  on  their  branches,  trees  add 
thereby  a  little  to  the  precipitation  which  reaches  the  ground,  and  by 
preventing  the  rapid  melting  of  snow  more  water  remains  available 
under  forest  cover.     (P.  121.) 

The  question  as  to  the  march  of  destructive  hailstorms  with  reference 
to  forest  areas,  which  seems  settled  for  some  regions  in  Fmnce,  re- 
mains in  doubt  for  other,  especially  mountain,  regions.     (Pp.  121-l5it).) 

From  these  statements  we  would  expect  as  a  consequence  of  defor- 
estation an  effect  on  the  climate  of  the  deforested  area  in  three  direc- 
tions, namely:  (a)  extremes  of  tempemture  of  air  as  well  as  soil  are 
aggravated;  (b)  the  average  humidity  of  the  air  is  lessened,  and  i>ossi- 
bly  (c)  the  distribution  of  precipitation  throughout  the  year,  if  not  its 
quantity,  is  changed. 

INFLUENCE     OF     FORESTS    UPON    THE    CLIMATE    OF    THE    SURROUNDIN(J 

COUNTRY. 

(1)  An  influence  of  the  forest  upon  the  climate  of  its  surroundings 
can  only  take  place  by  means  of  diffusion  of  the  vapor  which  is  tran- 
spired and  evaporated  by  the  crowns  and  by  means  of  air  curreiiLs 
passing  through  and  above  the  forests  \yeing  modified  in  temperature 
and  moisture  conditions;  the  mechanical  effect  upon  such  air  currents 
by  which  they  are  retarded  in  their  progress  may  also  be  effective  in 
changing  their  climatic  value. 

(2)  LfOcal  air  currents  are  set  up  by  the  difference  in  temperature  of 
the  air  within  and  without  the  forest,  analogously  to  those  of  a  lake  or 
pond,  cooler  currents  coming  from  the  forest  during  the  day  in  the 
lower  strata  and  warmer  currents  during  the  night  in  the  upper  stmta. 
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Tho  latter  currents,  being  warmer  and  moister,  can  be  of  influence  on 
the  temperature  and  moisture  conditions  of  a  neighboring  field  by  mod- 
erating temperature  extremes  and  increasing  the  humidity  of  the  air. 
This  local  circulation  is  the  one  most  important  difference  between  f  or- 
estand  other  vegetation.  How  far  away  from  the  forest  this  circulation 
becomes  sensible  is  not  ascertained.  In  winter  time,  when  the  tempera- 
ture differences  become  small,  no  such  circulation  is  noticeable.  (P.  120. ) 

(3)  The  general  air  currents  in  their  lower  portions  are  cut  off  en- 
tirely by  the  forest,  which  acts  as  a  windbreak.  This  influence  can 
of  course  be  experienced  only  on  the  leeward  side.  How  far  this  pro- 
tection reaches  it  is  difficult  to  estimate,  but  it  certainly  reac^hes  far- 
ther than  that  of  a  mere  windbreak,  since  by  the  friction  of  the  air 
moving  over  the  crowns  a  retardation  must  be  experienced  that  would 
be  noticeable  for  a  considerable  distance  beyond  the  mere  windbreak 
effect.  Deforestation  on  a  large  scale  would  permit  uninterrupted 
sweep  of  the  winds,  a  change  more  detrimental  where  the  configura- 
tion of  the  ground  does  not  fulfill  a  similar  function — in  large  plains 
more  than  in  hilly  and  mountainous  regions,  and  at  the  seashore  more 
than  in  the  interior.     (Pp.  118-120,  133.) 

The  upper  air  strata  can  be  modified  only  by  the  conditions  existing 
near  and  above  the  crowns.  At  the  same  time  they  must  carry  awa}' 
the  cooler  and  moister  air  there  and  create  an  upward  movement  of 
the  forest  air,  and  thereby  in  part  the  conditions  of  this  become  also 
active  in  modifying  air  currents.  The  greater  humidity  immediatel}' 
above  the  crowns  is  imparted  to  the  air  currents,  if  warm  and  dry,  and 
becomes  visible  at  night  in  the  form  of  mists  resting  above  and  near 
forest  areas.  These  strata  protect  the  open  at  least  against  insolation 
and  loss  of  water  by  evaporation,  and  have  also  a  greater  tendenc}'  to 
condensation  as  dew  or  light  rain,  if  conditions  for  such  condensation 
exist.  This  influence  can  be  felt  only  to  the  leeward  in  summer  time 
and  with  dry,  warm  winds,  while  the  cooling  winter  effect  upon  compar- 
atively warmer  moist  winds  is  not  noticeable.  Theoretical  consideiu- 
tions  lead  to  the  conclusion  that  in  mountain  regions  only  the  forest 
on  the  leeward  slope  can  possibly  add  moisture  to  a  wind  coming  over 
the  mountain,  but  this  does  not  necessarily  increase  the  precipitation 
on  the  field  beyond.  Altogether  the  theoretical  considerations  are  as 
yet  neither  proved  nor  disproved  by  actual  observations,  and  as  to 
rainfall  the  question  of  influence  on  the  neighborhood  is  still  less  set- 
tled than  that  of  precipitation  upon  forest  areas  themselves.  Wherever 
moisture-laden  winds  pass  over  extensive  forest  areas  the  cooler  and 
moister  condition  of  the  atmosphere  may  at  least  not  reduce  the  possi- 
bility of  condensation,  which  a  heated  plain  would  do;  but  observa- 
tions so  far  give  no  conclusive  evidence  that  neighboring  fields  receive 
more  rain  than  they  otherwise  would.     (Pp.  76,  83,  89,  103.) 

(4)  With  regard  to  comparative  temperatures  in  forest  stations  and 
open  stations  that  are  situated  not  far  apai*t  from  each  other,  it  would 
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appear  that  the  forests  exerts  a  cooling  influence,  but  that  more  de- 
tailed conclusions  are  hindered  by  the  consideration  that  the  ordinary 
meteorological  station  itself  is  somewhat  affected  by  neighboring  trees. 

The  study  of  the  stations  in  Asiatic  and  European  Russia  seems  to 
show  that  in  the  western  part  of  the  Old  World  the  presence  of  large 
forests  has  a  very  sensible  influence  on  the  temperature.  Similar 
studies  for  stations  in  the  United  States  seem  to  show  that  our  thin  for- 
ests have  a  slight  effect  in  December  but  a  more  decided  one  in  June. 
It  appears  also  that  our  wooded  regions  are  warmer  than  the  open 
plains,  but  there  is  no  positive  evidence  that  this  difference  of  temper- 
ature is  dependent  upon  the  quantity  or  distribution  of  forests,  or  that 
changes  in  temperature  have  occurred  from  this  cause.     (Pp.  94,  95.) 

(5)  When  a  forest  incloses  a  small  area  of  land,  forming  a  glade,  its 
inclosed  position  brings  about  special  phenomena  of  reflection  of  heat, 
local  winds^  and  a  large  amount  of  shade.  For  such  forests  it  is  found 
that  the  mean  range  of  temperature  is  larger  in  the  woods  than  on  the 
open  plains;  the  glade  climate  is  more  rigorous  than  the  climate  of 
open  plains;  the  glade  is  cooler  and  its  diurnal  range  larger  during  the 
spring,  summer,  and  autumn.     (Pp.  84:-88.) 

Favorable  influences  upon  moisture  conditions  of  the  air  are  most 
noticeable  in  localities  where  much  water  is  stored  in  underground  with 
overlying  strata  which  are  apt  to  dry  when  our  summer  drought  pre- 
vails. Here  the  forest  growth  is  able  to  draw  water  from  greater  depths 
and  by  transpiration  return  it  to  the  atmosphere,  thereby  reducing 
the  dryness  and  possibly  inducing  precipitation.  In  most  climates  this 
action  would  be  less  effective  or  of  no  use.  Hence  in  regions  with 
oceanic  climate  with  moist  sea  winds  like  England  and  the  west  coasts 
of  Europe  or  of  the  northern  United  States,  deforestation  from  a  cli- 
matic point  of  view  may  make  no  appreciable  difference,  such  as  it 
would  make  in  continental  climates  like  the  interior  of  our  country,  the 
Rocky  Mountains,  and  southern  California. 

Whether  large  or  small  areas  of  forests  and  open  fields  alternating, 
or  what  percentage  of  forests  is  most  favorable  can  not  as  yet  be  dis- 
cussed, since  we  are  not  clearly  informed  even  as  to  the  manner  and  the 
amount  of  influence  which  forest  cover  exercises.  In  general  we  may 
expect  that  an  alternation  of  large  forested  and  unforested  areas,  in 
regions  which  on  account  of  their  geographic  situation  have  a  dry  and 
rigorous  climate,  is  more  beneficial  than  large  uninterrupted  forest 
areas,  which  would  fail  to  set  up  that  local  circulation  which  is  brought 
about  by  differences  in  temperature  and  permits  an  exchange  of  the 
forest  climate  to  the  neighboring  field. 
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INFLUENCE  OF  FORESTS  UPON  WATER  AND  SOIL  CONDITIONS. 

(1)  In  consequence  of  deforestation  evaporation  from  the  soil  is  aug- 
mented and  accelerated,  resulting  in  unfavorable  conditions  of  soil 
humidity  and  affecting  unfavorably  the  size  and  continuity  of  springs. 
The  influence  of  forest  cover  upon  the  flow  of  springs  is  due  to  this 
reduced  evaporation  as  well  as  to  the  fact  that  by  the  protecting  forest 
cover  the  soil  is  kept  gmnular  and  allows  more  water  to  penetrate  and 
percolate  than  would  otherwise.  In  this  connection,  however,  it  is  the 
condition  of  the  forest  floor  that  is  of  greatest  importance.  Where  the 
litter  and  humus  mold  is  burned  up,  as  in  many  if  not  most  of  our 
mountain  forests,  this  favorable  influence  is  largely  destroyed  although 
the  trees  are  still  standing.     (Pp.  130-137.) 

(2)  Snow  is  held  longer  in  the  forest  and  its  melting  is  retarded,  giv- 
ing longer  time  for  filtration  into  the  ground,  which  also  being  frozen 
to  lesser  depth  is  more  apt  to  be  open  for  subtermnean  drainage.  Al- 
together forest  conditions  favor  in  general  larger  subterranean  and  less 
surfa(*e  drainage,  yet  the  moss  or  litter  of  the  forest  floor  retains  a 
large  part  of  the  precipitation  and  prevents  its  filtration  to  the  soil, 
and  thus  may  diminish  the  supply  to  springs.  This  is  especially  pos- 
sible with  small  precipittitions.  Of  copious  rains  and  large  amounts 
of  snow  water,  quantities,  greater  or  less,  penetrate  the  soil,  and 
according  to  its  nature  into  lower  strata  and  to  springs.  This  drain- 
age is  facilitated  not  only  by  the  numerous  channels  furnished  by  dead 
and  living  roots,  but  also  by  the  influence  of  the  forest  cover  in  pre- 
serving the  loose  and  porous  structure  of  the  soil. 

Although  the  quantity  of  water  offered  for  drainage  on  naked  soil  is 
larger,  and  although  a  large  quantity  is  utilized  by  the  trees  in  the 
process  of  growth,  yet  the  influence  of  the  soil  cover  in  retarding  evap- 
oration is  liable  to  offset  this  loss,  as  the  soil  cover  is  not  itself  dried  out. 

The  forest,  then,  even  if  under  unfavorable  topographical  and  soil 
conditions  (steep  slopes  and  impermeable  soils)  it  may  not  permit 
larger  quantities  of  water  to  drain  off  underground  and  in  springs, 
can  yet  influence  their  constancy  and  equable  flow  by  preventing  loss 
from  evaporation.     (Pp.  137-140.) 

(3)  The  surface  drainage  is  retarded  by  the  uneven  forest  floor  more 
than  l)}^  any  other  kind  of  soil  cover.  Small  precipititions  are  apt  to 
be  prevented  from  running  off  superficially  through  absorption  by  the 
forest  floor.  In  case  of  heav}'^  rainfalls  this  mechanical  retardation  in 
connection  with  greater  subterranean  drainage  may  reduce  the  danger 
from  freshets  by  preventing  the  rapid  collection  into  runs.  Yet,  in 
regions  with  steep  declivities  and  impermeable  soil  such  rains  may  be 
shed  superficially  and  produce  freshets  in  spite  of  the  forest  floor, 
and  an  effect  upon  water  conditions  can  exist  only  from  the  following 
consideration.     (Pp.  140-159.) 
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(4)  The  well-kept  forest  floor,  better  than  even  the  close  sod  of  a 
meadow,  prevents  erosion  and  abrasion  of  the  soil  and  the  washing  of 
soil  and  detritus  intp  brooks  and  rivers. 

This  erosion  is  especially  detrimental  to  agricultuml  interests  as 
well  as  water  flow  in  regions  with  this  surface  and  impenetrable  sub- 
soils, and  where  rains  are  apt  to  be  explosive  in  their  occuiTence,  as  in 
our  western  and  southern  country.  The  best  soil  of  the  farms  is  often 
wa.shed  into  the  rivers,  and  the  water  stages  of  the  latter  by  the  accu- 
mulations of  this  soil  are  in#uenced  unfavorably.     (Pp.  159-162.) 

(5)  Water  stages  in  rivers  and  streams  which  move  outside  the 
mountain  valleys  are  dependent  upon  such  a  complication  of  climatic, 
topographic,  geological,  and  geographical  conditions  at  the  headwaters 
of  their  aflluents  that  they  withdraw  themselves  from  a  direct  correla- 
tion to  surface  conditions  alone.  Yet  it  stands  to  reason  that  the  con- 
ditions at  the  headwaters  of  each  affluent  must  ultimately  ])e  reflected  in 
the  flow  of  the  main  river.  The  temporar\'  retention  of  large  amounts 
of  water  and  eventual  change  into  subteri^anean  dniinage  which  the 
well-kept  forest  floor  produces,  the  consequent  lengthening  in  the  time 
of  flow,  and  especiall}'  the  prevention  of  accumulation  and  carrying  of 
soil  and  detritus  which  are  deposited  in  the  river  and  change  its  bed, 
would  at  least  tend  to  alleviate  the  dangers  from  abnormal  floods  and 
reduce  the  number  and  height  of  regular  floods.     (Pp.  102-170.) 

SANITARY    INFLUENCE   OF   FORESTS. 

(1)  The  claimed  influence  of  greater  purity  of  the  air  due  to  greater 
oxygen  and  ozone  production  does  not  seem  to  be  significant.     (P.  171.) 

(2)  The  protection  against  sun  and  wind  and  consequent  absence  of 
extreme  conditions  may  be  considered  favorable.     (P.  171.) 

(3)  The  soil  conditions  of  the  forest  are  unfavorable  to  the  produc- 
tion and  existence  of  pathogenic  microbes,  especially  those  of  the 
choleraandyellow  fever,  and  the  comparative  absence  of  wind  and  dust, 
in  which  such  microbes  are  carried  into  the  air,  may  be  considered  as  the 
principal  clainf  for  the  hygienic  significance  of  the  forest.     (P.  172.) 

We  may  summarize  that  the  position  of  the  forest  as  a  climatic  factor 
is  still  unccilain,  at  least  as  to  its  practical  and  quantitative  impor- 
tance, but  that  its  relation  to  water  and  soil  conditions  is  well  estab- 
lished. As  a  climatic  factor  it  would  appear  that  the  forest  of  the 
plain  is  of  more  importance  than  that  of  the  mountains,  where  the  more 
potent  influence  of  elevation  obscures  and  reduces  in  significance  the 
influence  of  their  cover;  as  a  regulator  of  water  conditions  the  forest 
of  the  mountains  is  the  important  factor;  and  since  this  influence 
makes  itself  felt  far  distant  from  the  location  of  the  forest,  the  claim  for 
attention  of  Government  activity  and  for  statesmanlike  policy  with 
reference  to  this  factor  of  national  welfare  may  be  considered  as  well 
founded.     Every  civilized  government  must  in  time  own  or  control  the 
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forest  cover  of  the  mountains  in  order  to  secure  desirable  water  oondi- 
tions. 

In  conclusion  I  may  urge  that  systematic  observations  bearing-  on 
the  subject  of  forest  influences  should  be  instituted  in  this  country 
by  a  Government  agency,  perhaps  under  the  authority  of  the  Weather 
Bureau  and  with  the  cooperation  of  the  agricultural  experiment  sta- 
tions. No  other  country  is  so  well  adapted  for  the  study  of  this  ques- 
tion as  the  United  States,  offering  all  the  varying  climatic  conditions 
of  a  whole  continent  under  one  governoient,  with  changes  in  forest 
conditions  constantly  progressing. 


11— REVIEW  OF  FOREST  METEOROLOGICAL  OBSERVATIONSt  A  STUDY 
PRELIMINARY  TO  THE  DISCUSSION  OF  THE  RELATION  OF  FORESTS 
TO  CLIMATE. 


By  M.  W.  Harrington. 


THE  NATURE  OP  THE  PROBIiEM. 

The  covering  of  the  earth's  surface  determines  many  of  the  minor 
features  of  climate,  and  especially  those  features  which  are  of  impor- 
tance for  agriculture.  The  insular  climate^  the  coast  climate,  the  desert 
and  prairie  climates,  the  differences  between  steady  winters  with  con- 
tinuous snow-covering  and  variable  winters  with  little  or  no  snow,  all 
have  peculiarities  that  are  due  to  the  character  of  the  covering  of 
the  earth's  surface  at  or  near  the  station  which  ha.s  the  climate  in 
question. 

A  striking  illustration  of  the  effect  of  the  surface-covering  on  climate 
and  weather  is  seen  in  the  case  of  a  snow-covering.  This  has  been 
studied  recently  by  an  eminent  Russian  meteorologist,  Dr.  Woeikoff, 
who  finds  the  influence  of  the  snow  to  be  surprisingly  far-reaching.  It 
chills  and  equalizes  the  tempeiuture;  it  promotes  the  passage  of  bliz- 
zards and  other  winter  storms;  it  retards  the  spring;  it  feeds  the  water 
more  slowly  to  the  streams;  it  promotes  the  continuance  of  clear,  dry 
weather  with  high  barometric  pressure;  and  it  has  many  other  effects 
which  are  of  hardly  less  importance. 

The  forest  is  to  be  considered,  in  its  effects  on  climate  and  weather, 
as  a  special  form  of  surface-covering.  Its  effects  are  of  the  same  order 
as  those  produced  by  a  covering  of  sand,  or  sod,  or  water,  but  the 
forest  effect  has  some  peculiar  features  which  are  due  to  the  fact  that 
the  covering  is  elevated  to  some  extent  above  the  soil.  This  imparts 
to  the  soil  in  some  degree  the  climatic  characteristics  due  to  a  topo- 
graphical elevation,  and  also  causes  a  series  of  wind-break  effects  which 
are  not  found  with  the  other  forms  of  surface-covering.  On  account 
of  this  distinctive  feature,  the  problem  of  forest  climatology  separates 
into  two  problems,  which  must  be  considered  each  by  itself.  The  one 
relates  to  the  climate  of  the  interior  of  the  forest,  the  other  to  the 
effects  of  the  forest  on  the  climate  of  the  open  country  around  it.  The 
two  are  quite  different;  the  first  is  of  relatively  little  importance  ex- 
cept as  it  relates  to  the  second.     It  is  the  second  which  is  of  interest 
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and  importance  so  far  as  relates  to  the  suitability  of  a  climate  for  resi- 
dence and  agriculture. 

The  solution  of  these  two  problems  is  very  much  complicated  by  the 
variety  of  conditions  of  the  forest  itself.  The  forest,  woods,  or  wood- 
lands may  vary  in  extent  all  the  way  from  the  Amazon  forest,  which 
covers  a  large  part  of  South  America,  or  the  corresponding  forests  of 
tropical  Africa,  to  the  woodlot  of  the  farm,  the  grove,  or  the  park.  In 
density  of  tree-growth  they  vary  quite  as  widely.  The  openings  in 
forests  are  especially  subject  to  forest  climatic  action,  as  anyone  knows 
who  has  found  himself  in  a  tropical  forest  glade  at  the  hottest  hour  of 
the  day;  and  these  openings  vary  in  form  and  in  size  all  the  way  from 
the  forest  gallery  or  swale  through  the  oak  openings  and  little  prairies 
to  the  regions  where  the  prairies  prevail  and  the  forest  is  reduced  to 
islands  of  woods  or  to  fringes  along  the  streams.  In  height  the  trees 
range  from  upward  of  300  feet  to  the  low  coppice  or  brush  of  a  few 
feet  elevation;  some  forests  are  of  fairly  uniform  height,  like  the  north- 
ern forests  of  firs  and  spruces,  while  others  are  composed  of  plants  of 
all  heights  from  the  herb  to  the  forest  giant.  This  is  mostly  the  case 
with  the  tropical  forests,  where  the  giants  are  scattered  between  high 
and  low  trees  and  open  glades,. so  arranged  that  the  sunbeams,  not- 
withstanding the  density  of  the  vegetation,  sift  through  to  the  soil 
itself.  In  undergrowth,  in  persistence  of  leaves,  and  in  quantity  of 
shade  there  is  also  every  possible  variation. 

The  effect  of  a  mixed  forest  of  deciduous  trees  must  differ  from  that 
of  an  evergreen  forest  with  needle-shaped  leaves,  and  this  again  from 
forests  of  such  trees  as  flourish  in  Australia,  New  Holland,  and  else- 
where, whose  leaves  stand  more  vertically,  so  that  the  shade  bears 
little  relation  to  the  leafiness.  Such  trees  are  found  in  many  parts  of 
the  world;  our  own  Kentucky  coffee  tree  is  of  this  sort,  and  the  lack 
of  shade  under  a  tree  of  this  kind  in  full  leaf  in  .Fuly  is  always  a 
surprise. 

Again,  the  litter  accumulating  in  the  forest  has  an  important  influ- 
ence on  its  action,  and  the  effects  of  the  forest  must  be  also  much  modi- 
fied b}^  many  factors  which  determine  its  condition,  but  are  not  strictly 
a  part  of  it,  such  as  the  soil  on  which  it  grows,  the  abundance  or 
scarcity  of  water,  the  slope  of  the  land,  the  altitude  above  sea  level, 
the  latitude,  and  the  prevailing  degree  of  cloudiness.  An}'  of  these 
peculiarities  nia}"  sensibly  modify  not  only  the  climate  of  the  interior 
of  the  forest  but  also  the  influence  which  the  foi-est  may  exert  on  the 
climate  of  adjacent  territory. 

The  literature  of  forest  meteorology  is  already  a  large  one.  Loffel- 
holz-Colberg  published  in  1872  a  catalogue  of  the  publications  on  the 
significance  and  importance  of  the  forest,  and  since  the  issue  of  that 
catalogue  the  literature  of  the  subject  has  grown  at  a  rapid  rate. 
Nearly  all  the  publications  to  wh ich  he  refers  l)ear  on  the  meteorological 
aspects  of  the  forest.     The  longer  l>ibHogi*aphical  references  given  by 
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him  number  190,  and  there  are  briefer  references  to  very  many  more. 
Loffelholz-Colberg's  list  begins  with  Fernando  Columbus,  the  son  of 
Christopher  Columbus,  who  attributes  the  heavy  rain  full  on  Jamaica 
to  its  wealth  of  forests,  and  the  decrease  of  rain  on  the  Azores  and 
Cftnaries  to  the  removal  of  their  forests.  In  the  sixteenth  and  seven- 
teenth centuries  the  subject  was  already  attracting  the  attention  of 
the  French  Government,  and  in  fact  governmental  interest  in  the  sub- 
ject goes  back  to  the  time  of  the  immediate  successors  of  Charlemagne. 
It  is  interesting  to  read  over  the  abstracts  of  opinions  which  are  recorded 
in  Loflfelholz-Colberg's  small  book.  Everj^  variety  of  opinion  can  be 
found  there,  from  those  which  attribute  to  the  forest  about  every^thing 
which  is  desirable  in  climate  and  even  endow  it  with  a  powerful  influ- 
ence on  moi*als,  to  those  who  l)elieve  it  is  entirely  without  influence,  and 
from  those  who  think  that  its  influence  does  not  extend  bevond  its  own 
margin,  to  those  who  would  attribute  the  deterioration  of  the  climate  of 
the  Old  World  to  the  removal  of  the  forests  of  the  New.  The  reasons. 
for  this  exti-aordinary  variation  in  opinion  are  to  be  found  in  the  method 
employed  for  solving  the  problems  of  forest  meteorology.  Leaving  out 
of  account  the  solutions  which  were  purely  sentimental  or  purely  tour- 
istic, the  conclusions  were  generally  founded  on  what  may  be  called 
the  historical  method.  This  consists  in  finding  a  country  which  has 
been  once  wooded,  but  from  which  the  forests  have  been  removed, 
or  one  which  was  once  open,  but  later  became  wooded.  The  climate  at 
the  beginning  and  end  of  the  time  involved  is  then  ascertained  or 
assumed,  and  the  changes  in  the  climate  are  attributed  to  the  change 
in  the  forest  cover.  The  uncertainties  of  this  method  are  so  great  as 
to  make  it  generally  useless.  It  is  seldom  possible  to  bo  sure  of  the 
early  forest  condition  of  the  country'  in  question.  For  this  purpose 
reliance  must  generally  be  placed  on  incidental  references  by  the  ear- 
lier writers,  and  these  are  usually  ambisruous  and  unceitaih.  Even 
where  the  change  in  forest  conditions  can  be  proved  beyond  the  possi- 
bility of  doubt,  the  character  of  the  earl}'  climate  can  not  be  ascer- 
tained with  a  sufficient  degree  of  accuracy.  If  the  period  in  question 
preceded  the  introduction  of  meteorological  instruments,  then  the 
character  of  the  climate  must  be  judged  by  the  nature  of  the  crops 
raised  or  from  facts  of  a  similar  nature  given  by  earlier  writers.  If 
observations  were  taken  they  were  generally  rude  and  bv  means  of 
imperfect  instniments;  their  errors  would  probably  approach  in  magni- 
tude the  quantity  of  forest  influence  which  is  to  be  determined.  Besides, 
the  fixing  of  the  data  of  climate  with  our  modern  exact  instruments  and 
better  methods  requires  observations  for  a  long  series  of  years.  The 
variations  of  the  elements  of  climate  (the  temperature,  humidity,  rain- 
fall, winds,  and  cloudiness)  are  great  from  day  to  day  and  from  year 
to  year,  and  it  takes  numerous  observations,  scattered  through  many 
years  and  taken  on  a  unifonn  system,  to  give  fixed  values  for  the  cli- 
mate.    The  rainfall  for  two  successive  years  on  the  same  spot  might 
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differ  by  several  times  as  much  as  the  difference  which  could  be  reason- 
ably expected  between  that  on  prairie  and  on  forest.  In  addition  to 
this,  there  is  no  certainty,  generally,  that  any  change  of  climate  which 
is  satisfactoi'ily  proven  is  necessarily  due  to  a  change  in  the  forest. 
Changes  are  constantly  going  on  in  the  climate  of  all  stations  and 
entirely  without  obvious  connection  with  surrounding  forest  condi- 
tions.    In  fact,  their  causes  are  beyond  our  present  knowledge. 

These  are  the  secular  changes,  so  called;  they  are  probably  periodic, 
and  their  periods  may  be  tens,  scores,  or  hundreds  of  years.  It  is  hardly 
possible  to  find  a  long  series  of  observations  in  which  traces  of  these 
secular  changes  are  not  evident. 

The  historical  method  has  really  given  but  meager  results  of  a  reliable 
character.  On  the  other  hand,  the  extravagant  results  to  which  it  ha.s 
sometimes  led  have  cast  discredit  on  the  whole  subject  of  the  influence 
of  forests  on  climate.  It  will  not  be  used  in  what  follows  except  in  a 
single  case,  in  which  all  the  conditions  which  can  reasonably'  be 
required  seem  to  be  fairly  fulfilled.  ' 

There  are  also  recognized  results  of  forest  action  which  are  entirely'- 
distinct  from  the  meteorological  influences  with  which  we  are  here  con- 
cerned and  which  refer  to  soil  and  water  conditions.  Such  Is  the  influ- 
encc  of  forests  on  the  flow  of  surface  water  and  the  oc'd'arrericfe  of 
floods,  on  the  amount  of  ground  water  and  the  preservation  of  springs, 
on  the  holding  of  movable  soils  or  reclaiming  of  swampy  6rw^.  '^'^hese 
are  all  of  the  highest  importance,  but  they  will  not  be  conslt^  '^t'ism-o. 
The  questions  of  temperature  and  of  the  changes  of  the*^' 
only  ones  belonging  to  forest  meteorology  proper.  •'  '"  • 

SYSTEMATIC   OBSERVATIONS  IN   FOREST  METEORrtikUl'iF. 

There  are  several  series  of  sporadic  observations  on  forest  meteor- 
ology made  before  the  l>eginning  of  this  century,  as,  for .  instance. 
Hunter's  observations  on  the  temperature  of  trees  in  1,775  and  1778, 
and  Schacpfl's  observations  on  the  same  subject  in  New  ^ork  in  1783. 
The  first  systematic  observations  seem  to  be  those  taken  at  Geneva  from 
1796  to  1800  by  Pictet  and  Maurice.  The}'  referred  to  J:ree  tepipera- 
tures  and  were  made  on  a  horse-chestnut  tree  two  feet  in  diameter. 

The  thermometer  was  placed  in  a  hole  in  the  north  sidQ/of  the  trunk 
six  inches  deep,  and  the  space  around  the  stem  was  closed  u^p  with  wax, 
so  that  the  water  and  air  from  the  outside  would  not  influeiy?e  the  tem- 
perature shown  by  the  instrument.  The  observations  were  made  with- 
out interruption  at  sunrise,  2  o'clock  p.  m.,  and  sunset.  Comparative 
observations  were  made  at  the  same  time  on  a  thermometer  to  the 
north,  in  the  shade,  and  on  four  ground  thermometers  at  depths  of  3 
inches,  1  foot  5  inches,  4  feet  3  inches,  and  12  feet  8  inches.  The 
observations  were  made  with  precautions  similar  to  those  now  con- 
sidered necessary,  but  not  generally  practiced  at  that  time. 
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Xaemtz  carried  on  a  good  many  scattered  but  instructive  forest  and 
agricultural  observations  before  the  publicJition  of  his  ineteorolog}'  in 
1831-34.  In  1830-'4O,  Bravais  at  Bossekop,  and  Thomas  at  Kaaford, 
both  in  Ltfipland,  took  a  long  series  of  wintiu-  tree  tcuiixjratures.  Bra- 
vais  put  the  bulb  of  a  mercurial  theremometer  in  the  heart  of  a  living 
pine  which  was  6  inches  in  diameter.  Thomas  (»ompared  the  tempera- 
ture of  two  large  pines  close  together,  one  dead  and  the  other  living. 
The  latter  showed  a  slightly  higher  temperature  than  the  former. 

In  the  winter  of  1857-'58,  Bourgeau  carried  on  a  serias  of  tree  tem- 
perature observations  at  Fort  Carlton,  on  the  Saskatchewan  River, 
latitude  about  50°. 

FRANCE. 

The  beginning,  however,  of  systematic  observations  on  the  short- 
range  forest  meteorological  problem  of  the  relative  condition  of  the  air 
in  and  about  forests  and  the  incitement  to  the  modern  activity  in  this 
direction  i^eem  to  have  come  from  the  observations  of  M.  A.  C.  Bec- 
querel  and  his  son  Edmund,  which  l>egan  at  Chatillon-sur-Loing,  about 
70  miles  south  of  Paris,  on  Jul}'  30,  1858.  These  observations,  now 
relating  to  forest  meteorology,  now  to  some  other  branch  of  the  science, 
now  car!  Led  on  at  Chatillon  or  its  vicinity,  now  at  Paris  in  the  Jardin 
des  Plantes,  and  generally  with  the  aid  of  the  French  Academy  of 
Scip»>^  .  have  been  conducted  b}'  MM.  Becquerel  and  his  son  from 
th*-*  '         .OA  quite  recent  date,  and  are  probably  still  continued. 

moirs  and  briefer  communications  which  have  been  made  to 
w^j  academy,  based  on  these  observations,  form  a  large  and  highly 
instriK'*  "  addition  to  knowledge  in  this  science,  and  they  have  })een 

^iiOKutl}'  drawn  on  by  subsequent  writers.  It  is  in  some  respects  an 
advantiige,  in  others  a  disadvanb\ge,  that  the  Messrs.  Beciquerel  have 
used  a  special  form  of  instrument  in  their  observations  and  have  fol- 
lowed independent  methods.  The  disadvantage  lies  in  the  fact  that 
this  makes  the  observations  not  strictly  comparable  with  those  taken 
at  regular  forest  meteorological  staitions,  and  when  the  question  is  one 
of  relatively  small  differences,  as  that  of  temperatures  and  i*ainfall 
within  and SV'ithout  forests,  this  lack  of  comparabilit}'  is  a  serious  draw- 
back. On  the  other  hand,  there  is  a  great  advantage  in  getting  results 
by  different  methods  and  with  different  instruments,  for  it  serves  to  get 
rid  of  erroi"S  that  depend  on  the  method.  Conclusions  drawn  from  two 
entirel}'  different  sorts  of  observations  arc  worthy  of  more  confidence 
than  those  drawn  from  two  sets  taken  in  the  same  wav. 

The  observations  of  the  Messrs.  Becquerel  were  tiiken  with  electric 
thermometers.  They  depend  on  thermo-electric  principles,  and  the 
elder  Becquerel  had  published  studies  on  them  as  early  as  182G,  and 
afterwards  used  them  in  determining  the  temperature  of  the  different 
envelopes  of  flames.  The  instrument  as  used  was  composed  of  a  closed 
circuit  a  part  of  which  was  of  copjx^r  and  a  part  of  iron.    The  two  are 
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soldered  at  the  ends,  and  a  galvanometer  is  introduced  into  the  circuit. 
By  the  principles  of  thermo-electricity  whenever  the  two  soldered  ends 
are  at  the  same  tenipemture,  there  is  no  current  and  the  galvanometer 
is  not  affected.  If  one  of  the  junctions  is  warmer  than  the  other,  then 
a  current  is  produced  in  the  one  or  other  direction,  and  the  needle  of 
the  galvanometer  swings  to  the  corresponding  side.  If  now  one  junc- 
tion is  placed  in  the  medium  the  heat  of  which  is  to  l>e  measured,  and 
the  other  is  left  accessible  and  is  warmed  or  cooled  until  the  needle^ 
stands  at  zero,  the  tempei*ature  of  the  latter  junction  is  the'stime  as  that 
of  the  former.  One  junction  can  be  placed  in  a  flame,  or  in  an  animal 
or  plant,  or  at  the  top  of  a  tree,  or  at  a  depth  in  the  ground,  and  iti^ 
temperature  can  be  ascertained  by  manipulating  the  other. 

This  method  requires  many  precautions,  and  can  not  be  conveniently 
used  for  maximum  and  minimum  temperatures,  but  in  competent  hands 
it  is  ver\^  serviceable  and  is  capable  of  minute  accul•ac3^ 

In  the  observations  of  the  Messrs.  Becquerel  it  was  so  arranged  that 
a  change  of  one  degree  of  temperature  would  cause  a  deflection  of  ten 
degrees  in  the  needle.  The  needle  was  brought  to  zero  with  the  aid  of 
a  lens,  and  an  accuracy  of  reading  to  a  tenth  of  a  degree  ccntigi'ade  in 
the  galvanometer  was  abundantly  assured.  Eveiy  precaution  was 
taken.  For  instance,  a  junction  exposed  to  the  ra3^s  of  the  sun  wjus 
covered  with  a  triple  reflector  which  screened  from  the  sun's  rays,  but 
permitted  free  ventilation.  The  results  have  every  guarantee  of 
accuracy  and  are  worthy  of  unusual  confidence. 

M.  Becquerel's  first  memoir  relating  to  the  forest  meteorological 
problems  was  not  published  until  1864.  Meantime  other  students  of 
the  subject  were  showing  signs  of  activity.  The  French  forest  inspectors 
Contegril  and  Bellot  took  many  observations  in  1859  and  1860  on 
the  disposal  of  rainfall  in  woods  as  compared  with  that  in  open  fields, 
and  similar  observations  were  taken  in  southern  France.  Hof mann  at 
Giessen  and  Baur  at  Hohenheim  had  been  taking  forest  observations 
for  some  time.  In  1862  and  1863,  Krutzsch,  in  Saxony,  established 
nine  forest  stations;  several  were  esta])lished  in  Bavaria,  and  Count 
Berchem-Hainhausen,  in  his  private  capacity  as  a  large  landowner, 
supported  two  in  Bohemia.  In  1866-68,  in  Posen,  Rivoli,  also  a  private 
landowner,  made  many  sinmltaneous  comparative  observations  in  for- 
ests and  fields,  including  temperature,  humidity,  and  evaporation.  His 
observations  on  individual  features  of  forest  action  were  confined  to 
the  season  at  which  they  were  greatest.  The  fertile  idea  in  modern 
forest  meteorological  observations  consists  in  having  comparative  sta- 
tions at  which  observations  are  taken  simultaneously.  These  stations 
must  be  as  nearly  as  possible  alike,  except  that  one  is  to  be  in  the 
woods,  the  other  outside.  This  happ^^  idea,  already  employed  by  Bec- 
querel and  Rivoli,  and  doubtless  by  others,  but  not  by  all,  was  first 
put  to  systematic  use  under  governmental  auspices  at  stations  near 
Nancy.    The  French  forest  administration  undertook  to  set  at  rest  the 
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questions  of  forest  influence  on  climate,  and  to  this  end  instructed  the 
school  of  forestry  at  Nancy  to  undertake  the  necessary  studies.  In 
April,  1886,  observations  were  commenced  by  Prof.  Mathieu,  of  Nancy, 
with  the  view  of  determining  the  influence  which  a  wooded  or  un wooded 
country  has  ujwn  the  moisture  received  from  the  air.  Three  stations 
were  selected;  tho}'^  were  described  by  Dr.  Hough  in  his  report  for 
1877,*  page  262.  The  most  interesting  feature  about  them  is  the  forest 
rain  gauge  at  Cinq-Fi'anch^es.  It  was  made  to  cover  exactly  the  sur- 
face covei-ed  by  the  tree  top  and  was  placed  with  the  tree  in  the  center, 
careful  arrangements  having  been  made  to  direct  into  the  gauge  all 
water  which  ran  down  the  tree.  In  1870  a  fourth  station  was  added, 
that  of  the  agricultural  station  of  the  school.  The  altitude  of  this  sta- 
tion is  712  feet,  somewhat  less  than  the  others. 

In  February,  1874,  forest  observations  were  undertaken  by  MM. 
Fautrat  and  Sartiaux,  and  continued  by  the  first.  The  stations  were 
in  the  department  of  Oise,  a  few  miles  north  of  Paris.  This  is  a  rolling 
territory  of  no  great  elevations  or  irregularities,  and  the  southern  pait, 
containing  the  better-known  forest  of  Compiegne,  is  well  wooded  and 
somewhat  swampy.  One  pair  of  stations  was  in  the  state  forest  of 
Halatte,  about  a  cluster  of  oaks  and  hornbeams  of  twenty  or  thirty 
years.  The  forest  itself  is  large,  containing  about  twelve  thousjind 
acres.  M.  Fautrat  had  the  happy  idea  of  tr3nng  some  observations 
al>ove  the  forest.  His  stations  were  therefore  duplicated,  one  being 
below  at  the  height  of  4^  feet  (1.37  m.),  the  other  above  the  trees 
about  20  feet  (6.09  m.),  and  46  feet  (14.02  m.)  above  the  ground.  The 
forest  station  was  reproduced  1,000  feet  (304.8  m.)  away  in  the  open 
fields.  Each  station  had  thermometers,  ps3xhrometcrs,  rain  gauges, 
and  evaporometer.  Under  the  trees  the  number  of  rain  gauges  was 
increased  to  six,  distributed  in  such  a  way  as  to  give  a  good  indication 
of  the  amount  of  rain  passing  through  the  foliage.  The  stations  were 
on  a  soil  of  fine  sand,  cemented  by  clay,  and  were  at  an  elevation  of  354 
feet  (107.9  m.)  (base)  above  the  sea  and  400  feet  (121.9  m.)  taken  above 
the  trees.  About  5  miles  (8.04674  kil.)  away  was  a  second  pair  of  double 
stations;  they  were  in  and  near  the  state  forest  of  Ermenonville.  The 
trees  were  twenty-five  year  pines,  about  40  feet  (12.19ni.)  high.  The 
stations  at  Halatte  were  duplicated  here,  including  the  elevation  of  the 
station  above  the  trees.  This  brought  the  higher  instruments  to  within 
a  very  short  distance  of  the  foliage — 5  or  6  feet.  The  soil  here  was  a 
coai*se,  white  sand,  and  the  open-field  station  was  on  a  sandy  plain. 
The  elevations  above  the  sea  were  302  (92.05  m.)  and  341  (103.9  m.)  feet. 
There  were  six  ordinary  gauges  under  the  trees  and  an  additional  large 
one,  over  5  feet  (1.52  m.)  in  diameter,  which  surrounded  the  trunk  of  a 
large  pine  tree.  The  printed  observations  (in  the  VompieH  vendm)  are 
somewhat  fragmentary^  and  extend  over  about  four  years.     There  has 
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The  stations  mentioned  so  far  were  genemlly  parallel  stations,  that  is 
double,  one  set  of  instruments  being  in  the  woods,  the  other  outside. 

AUSTRIA. 

The  radial  stations  proposed  by  Dr.  Lorenz-Liburnau  were  estab- 
lished in  Austria  in  1884  and  following  years.  The  outside  stations 
in  each  radial  system  were  to  be  in  various  directions  and  at  varying 
distances  from  the  stations  in  the  forest. 

Dr.  Liburnau  found  great  difficulty  in  arranging  them,  since  some  of 
the  stations  should  be  at  considerable  distances,  and  all  of  the  same 
group  should  be  at  the  same  sea  level.  Naturally  the  armngement 
would  also  require  a  separate  and  distinct  forest  of  no  great  extent. 
These  conditions  were  hard  to  fill  and  but  few  suitable  places  were 
found  in  the  whole  Austrian  Empire.  Up  to  the  present  time  only 
three  such  groups  of  stations  have  been  established: 

(1)  In  northeastern  Austria,  the  group  about  Karlslust  on  an  ex- 
tended plateau,  between  Retz  and  Znaim,  with  an  avemge  elevation  of 
1,300  feet  (396  m.). 

(2)  In  eastern  Galicia,  near  the  Russian  boundary,  on  an  extensive 
plateau,  between  Konstancya  and  Skala,  with  an  average  elevation  of 
886  feet  (270  m.). 

(3)  On  the  northern  base  of  the  Cai'pathians,  in  the  undulating  region 
near  Rachin,  at  an  elevation  of  1,300  (396  m.)  to  1,600  feet  (487.6  m.). 

Observations  of  tempei'ature  and  humidity  were  taken  under  the 
trees,  also  in  the  tree  crowns  and  at  various  elevations  al)ove  the  trees. 
Corresponding  observations  at  the  same  heights  were  made  over  open 
land. 

The  results  of  the  observations  during  the  years  1885  to  1887  so  far 
published  have  not  been  before  the  writer.*  From  a  review,  however,  it 
is  learned  that  the  director,  Dr.  Liburnau,  a  most  competent  authority, 
draws  the  following  conclusions: 

(a)  Tlie  normal  decrease  of  temperature  with  the  elevation,  obFerve<l  in  the  o\}en 
country,  is  modified  in  the  forest,  during  the  day,  by  the  wanning  of  the  crown 
cover,  e8i>ecially  of  the  upper  portions.  In  the  forest  the  irrown  cover  has  the  same 
relation  to  the  temperature  aa  have  the  soil  and  the  smaller  vegetation  in  the  open 
country.  Thus  the  normal  decrease  of  temperature  with  the  elevation  remains  uni- 
form in  the  open  country,  but  is  more  modified  in  the  forest  under  the  influence  of 
the  warmed  crown-cover  than  in  the  open  country  under  the  influence  of  the  soil. 

(/>)  During  the  night  the  crown  cover  has  also  the  same  relationship  to  the  soil 
and  vegetation  of  the  open  country,  except  that  temperature  reductions  have  dif- 
ferent values. 

(c)  As  the  temperature  in  the  forest  is  higher  in  the  upi)er  regions  of  the  crown 
cover  than  in  the  lower  and  among  the  trunks  and  on  the  ground,  especially  during 
the  day,  it  follows  that  the  shade  contributes  more  to  its  reduction  of  temperature 

*  Investigations  into  the  humidity  and  condition  of  temperature  of  the  forest  and 
of  the  open  country,  and  the  results  of  the  forest  influence  upon  the  climate  in  its 
proximity. 
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than  transpiration;  altogether,  the  cooling  effect  of  transpiration  up  to  this  time 
seems  to  have  been  overestimated. 

(d)  The  warming  effect  of  the  upper  crown  cover  upon  the  temperature  during  the 
day  in  a  beei^h  growth  extends  only  about  2  m.  (6}  feet)  above  the  crowns,  and 
indeed  is  most  pronounced  in  the  warmest  months. 

(e)  The  absolute  values  of  the  temperature  differences  effected  by  the  forest  are 
not  very  important,  but  depend  to  a  great  extent  upon  the  species  of  the  trees  on 
the  one  hand  and  the  kind  of  soil  cover  of  the  open  country  on  the  other. 

(/)  It  is  remarkable  that  in  the  forest  the  relative  humidity  increases  and  de^TeaneH 
with  the  absolute  humidity,  whereas  it  is  known  that  in  general,  and  also  at  the  sta- 
tion in  the  open  country,  these  two  climatic  elements  are  inverse.  This  is  accounte<l 
for  by  the  fact  that  the  forest  is  a  source  of  atmospheric  aqueous  vapor  as  well  as 
of  cooling. 

{g)  The  results  of  the  investigations  at  Ried  show  that  the  aqueous  vapors  from 
the  forest  often  affect  the  air  to  a  great  height.  With  this  increase  in  the  humidity 
of  the  atmo8i)here  the  chancres  of  precipitation  are  increased. 

From  these  observations  Dr.  Liburnau  draws  the  following  conclu- 
sions regarding  the  influence  of  forests  upon  the  general  climate  of  the 
region  in  its  vicinity: 

(h)  Since  tlie  temperature  in  the  forest,  to  above  the  crown-cover,  is  in  most  cases 
lower  than  it  is  below  in  the  open  country,  it  follows  that  modifying  currenta  can 
arise  from  the  forest  at  any  time  of  the  day,  especially  in  a  generally  still  atmos- 
phere. In  Hummer,  during  the  night  and  toward  morning,  differences  of  tempera- 
ture (^n  pHKluce  a  current  of  cool  air  from  the  forest  and  from  the  air  strata  imme- 
diately al>ove  the  forest;  in  the  warmer  part  of  tlie  day,  however,  such  currents  can 
\)e  looked  for  only  from  l^low  and  in  the  crown  cover. 

(i)  In  the  summer  half  of  the  year,  winds  coming  from  a  distance  and  crossing  a 
forest  i-an  be  cooled  Ijelow  their  original  temperature  by  the  influence  of  the  forest 
considerably  in  the  night  and  towanl  morning,  but  less  during  the  day. 

(j)  The  (xjnclusions  which  Dr.  Liburnau  arrives  at  concerning  atmospheric  humidity 
are  bailed  for  the  most  part  on  the  results  of  the  ol)8ervations  at  Ried.  It  was  estab- 
lisheil  that  wiu<ls  from  the  forest  (at  least  from  a  beech  forest)  convey  a  greater 
water  supply  into  the  neighboring  open  country.  It  dei)ends,  however,  upon  the 
original  humidity  of  winds  crossing  a  forest  an<l  upon  the  distribution  of  tempera- 
ture whether  or  not  their  humidity  will  be  increased  and  they  will  subsequently  in- 
crease the  humidity  of  the  adjacent  open  country. 

Hence  Dr.  Liburnau  concludes  that  the  humidity  of  warm  and  dry 
winds  will  be  increased  by  the  presence  of  a  forest,  but  that  such  wlnda 
as  are  already  quite  thoroughly  saturated  can  receive  no  essential 
addition  of  a(iueous  vapor,  but  only  an  increase  in  relative  humidity. 
It  is  also  observed  at  Ried  that  winds  coming  from  the  forest  to  the 
station  in  the  open  country  have  a  higher  humidity,  both  absolute  and 
relative. 

(k)  Finally,  Dr.  Liburnau  remarks  with  reference  to  the  distant  influence  (of  the 
forest)  that  this  al)solute  humidity,  as  increased  by  the  effect  of  the  forest,*  remains 
in  tlie  atmosphere  as  long  as  it  is  not  lost  by  condensation,  and  that  on  the  other  hand, 
the  increased  relative  humidity  decreases  as  soon  as  the  forest  air  reaches  the  warmer 
o\Hin  country. 


*  Within  the  last  two  months  a  further  contribution  from  these  stations  has  been 
l>ublishe<l,  discussing  more  in  detail  the  influence  of  forest  areas  on  the  climatic  con- 
dition of  the  neighborhood,  which  publication,  unfortunately,  could  not  be  obtained 
in  time  for  a  review  in  this  reiwrt.  B,  E.  F. 
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OBJECTS  AND  METH01>8. 

In  1868,  before  the  publication  of  Ebcrmayer's  results  or  those  of  any 
other  systematic  series  of  co-operative  observations  in  forest  meteor- 
ology, the  Conf^ress  of  German  Forestei*s  and  Farmei's  at  Vienna, 
stnick  with  the  paucity  of  results  from  the  much  talked  of  forest  mete- 
orological observations,  put  the  subject  in  the  hands  of  a  special  com- 
mittee composed  of  the  most  eminent  German  students  and  authorities 
on  the  subject.  The  committee  met  at  Regensburg  in  November.  Its 
attention  was  chiefly  directed  to  other  aspects  of  the  forestry  question, 
but  it  proposed  a  sort  of  programme  or  series  of  problems  as  the  proper 
object  of  forest  meteorological  observations.     These  are: 

(1)  Determination  of  the  temperature  under  woo<ls  and  outside. 

(2)  Investigation  of  the  temperature  of  trees  as  compared  with  that  of  the  soil  and 
air. 

(3)  Investigation  of  the  soil  of  forests,  determination  of  its  temperature  at  dif- 
ferent depths,  situations,  exjiosure,  and  under  different  kinds  of  trees. 

(4)  Influence  of  the  covering  of  the  soil  on  damage  by  frost. 

(5)  Determination  of  rainfall  under  woods  and  outside. 

(6)  Influence  of  the  covering  on  the  humidity  of  the  soil  and  on  the  evaporation 
from  it. 

(7)  Deteniiination  of  the  amount  of  evaporation  in  the  forest  and  without. 

(8)  Determination  of  the  ground  water  at  different  depths,  under  woo<is  and  out- 
side, with  various  aspects  and  under  various  kinds  of  trees. 

(9)  Determination  of  the  amount  of  carbonic  acid  and  of  the  humidity  of  the  for- 
est during  the  season  of  vegetation,  under  a  more  or  less  compact  cover  of  foliage, 
under  different  trees  and  in  varied  situations. 

This  is  an  extensive  programme,  and  is  of  interest  as  the  first  which 
had  been  formulated  under  such  auspices.  It  will  be  noticed,  however, 
that  it  does  not  include  observations  at  any  elevation,  and  especially 
obseiTations  above  the  woods.  It  does  not  seem  to  have  occurred  to 
the  committee  that  meteorologically  the  forest  is  a  sort  of  surface  cov- 
ering to  be  compared  with  that  of  sod  or  crops,  sand  or  water,  and  that 
in  other  cases  observations  are  taken  as  well  above  the  surface  cover- 
ing as  in  it  or  below  it.  Observations  abov^e  woods  were,  however,  not 
included  by  the  committee,  and  since  this  programme  .served  to  give 
object  and  aim  to  the  new  services  of  that  day,  as  well  as  to  those 
established  later,  these  important  observations  have  been  almost 
entirely  neglected. 

The  Prussian  (afterwards  the  German)  forest  meteorological  service, 
established  six  years  later,  adhered,  in  most  points,  to  the  Regensburg 
programme.  In  its  instructions  to  its  observers  it  defines  their  task 
as  that  of  furnishing  observations  on — 

(1)  The  temperature  of  the  air  in  forests  compared  with  that  in  open  fields. 

(2)  The  temperature  of  the  air  at  5  feet  elevation,  compared  with  that  in  the  tree 
crown. 

(3)  The  hygrometric  condition  of  the  air  within  and  without  woods. 

(4)  The  same  at  a  height  of  5  feet  compared  with  that  in  the  tree  crown. 
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(5)  Evaporation  within  and  witlioiit  the  woods. 

(6)  The  rain  and  snow  reaching  the  ground  within  and  without  the  wofxls. 

(7)  The  temperatures  of  forest  soil  at  the  surface  and  at  the  depths  of  6  inches, 
1,  2f  3,  and  4  feet,  compared  with  the  temperatures  at  corresponding  depths  in  the 
open  fields. 

There  were  also  the  highly  important  conditions  attached  that  the 
instruments  and  their  disposition  should  be  alike,  and  that  the  hours 
of  observation  and  methods  of  reduction  should  be  the  same. 

In  the  second  international  meteorological  congress,  held  at  Rome 
in  April,  1879,  it  was  resolved  that — 

In  order  to  contribute  to  the  progress  of  forest  and  agricultural  meteorology,  the 
congress  recommends  as  a  programme  of  study: 

(1)  The  influence  of  the  meteorological  elements  u|>on  vegetation. 

(2)  The  inverse  influence  of  vegetation  upon  the  meteorological  elements. 

(3)  Agricultural  warnings. 

The  congress,  finding  the  subject  too  important  to  treat  hastil}',  con- 
cluded to  charge  the  international  committee  with  the  convening  of  a 
special  international  conference  to  take  into  consideration  the  develop- 
ment of  agricultural  and  forest  meteorology. 

Such  a  conference  convened  at  Vienna  on  the  6th  of  September, 
1880.  This  was  so  representative  a  meeting  and  illustrated  so  well 
what  the  most  able  and  most  experienced  men  thought  on  this  sub- 
ject that  the  reports,  remarks,  and  resolutions  will  be  given  at  some 
length  so  far  as  they  relate  to  the  action  of  forests  on  climate.  Dr. 
Lorenz-Liburnau,  of  the  Austrian  Department  of  Agriculture,  and 
president  of  the  conference,  said  that  when  the  influence  of  vegetation 
on  climate  was  referred  to,  solitary  plants  could  not  be  meant.  It  was 
a  question  of  masses  of  vegetation,  such  as  meadows,  moors,  and  forests. 
There  was  also  a  distinction  to  be  made  between  the  climatic  action 
produced  within  the  massed  vegetation  and  that  upon  the  vicinity.  It 
is  only  for  a  forest  that  the  question  of  the  interior  climatic  action  can 
arise,  and  on  this  question  certain  definite  numerical  results  had  been 
obtained  for  central  Europe,  in  certain  localities.  These  show  that 
the  inner  temperatures  are  slightl}'  lowered,  the  temperature  extremes 
are  modei'atcd,  the  relative  humidity  is  raised,  and  the  evaporation 
diminished,  while  it  remains  doubtful  whether  the  absolute  humidity 
or  the  frequency  or  quantity  of  precipitation  are  changed. 

As  to  the  influence  of  vegetation  on  its  vicinity,  exact  data  do  not 
exist,  either  for  the  forest  or  for  other  forms  of  vegetation  in  mass. 
Yet,  on  theoretical  grounds,  it  can  not  be  doubted  that  such  an  influ- 
ence exists,  within  certain  limits,  and  appropriate  methods  of  observa- 
tion must  be  able  to  show  it.  They  should  include  observations  on  the 
temperature,  precipitation,  cloudiness,  insolation,  and  wind.  The  con- 
ference adopted  those  views. 

As  to  the  method  of  observation.  Dr.  Liburnau  pointed  out  that  the 
existing  arrangement  of  one  station  within  and  a  station  for  compari- 
son outside  the  region  covered  by  the  vegetation  to  be  investigated 
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might  be  called  the  method  of  parallel  stations.  This  is  a  commendable 
ariTtn^ement,  and  promisei^  the  speedier  results,  the  more  the  climate 
at  the  station  takes  on  a  continental  character.  The  distance  of  the 
stations  of  each  pair  from  each  other  is  an  important  point.  In  each 
pair  the  meteorolo^cal  elements  should  be  taken  at  the  ordinary  height 
and  al^o  in  the  tree  crown.  The  temperature  of  trees  and  soil  should 
be  included.  As  to  precipitation,  it  is  of  importance  to  get  not  only 
the  amount  which  passes  through  the  foliage,  but  also  that  which  runs 
down  the  trunk.  The  penetration  of  precipitation  into  the  soil,  the 
evaporation  from  the  surface  in  different  kinds  of  forests  and  with 
different  coverings  of  the  soil  are  of  importance  because  the  state  of 
humidity  and  temperature  depends  on  them.  Observations  of  ozone  at 
different  heights  are  contingently  recommended.  These  observations 
should  be  exactly  duplicated,  so  far  as  possible,  at  the  field  stations. 
The  tree-top  observations  should  be  duplicated  by  field  observations  at 
the  same  height.  To  get  the  influence  of  the  forests  on  their  vicinity, 
a  different  system  of  stations  is  desirable;  this  should  be  a  system  of 
radial  stations  as  conti*adistinguished  from  the  parallel  system.  This 
consists  of  one  station  in  the  forest  and  several  outside,  aiTanged  in 
the  directions  of  the  four  principal  points  of  the  compass.  There  should 
be  at  least  two  in  each  direction  and  at  different  distances  from  the 
forest,  so  that  one  set  should  include  at  least  nine  stations.  All  the 
observations  carried  on  at  the  pamllel  stations  should  also  be  taken  at 
the  forest  station  of  the  mdial  system,  but  at  the  field  stations  the 
number  of  instruments  may  be  reduced  to  a  psychrometer,  evaporome- 
ter  (Piche's),  and  a  rain  gauge,  and  the  observations  at  the  height  of 
the  tree  crown  may  Ije  omitted. 

The  question  of  exposure  of  thermometers  aroused  much  discussion 
and  it  was  agreed  that  comparative  observations  should  be  under- 
taken. As  to  hours  of  observation,  Dr.  Miittrich  favored  morning  and 
noon  (2  p.  m.),  while  M.  Grandeau  and  Dr.  Kbermayer  favored  morning 
and  evening  hours.  Dr.  fliegler  thought  the  2  p.  m.  observation  was 
to  be  especially  recommended  because  it  was  about  the  hour  of  maxi- 
mum forest  effect.  The  conference  finally  decided  to  recommend 
morning  and  evening  hours,  with  the  reading  of  maximum  and  mini- 
mum thermomenters.  Observations  of  isolation  were  discussed,  but 
MM.  Mascart  and  Tacchini  assured  the  conference  that  no  suitable 
actinometer  exists.  It  was,  therefore,  decided  that  observations  should 
at  first  be  undertaken  only  on  the  time,  duration,  and  relative  inten- 
sity of  sunshine;  the  latter  on  sensitive  paper,  at  stations  of  the  first 
order.  The  subject  of  an  actinometer  capable  of  giving  insolation  tem- 
peratures with  exactness  was  recommended  as  a  subject  worthy  of  the 
especial  attention  of  scientific  institutions. 

It  was  decided  that  soil  temperatures  should  be  taken  at  various 
depths  up  to  40  inches  (1  mm.)  The  humidity  should  be  obtained  by 
the  means  of  August's  psychrometer  and  a  hair  hygrometer,  and  tri- 
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daily  observation  should  be  taken.  A  long  discussion  followed  on  Dr. 
Liburnau's  recommendation  of  Piche's  evaporometer.  It  was  stated 
that  the  observations  gave  no  means  of  comparison  with  actual  natural 
processes,  that  the  readings  of  the  instruments  were  untrustworthy 
and  the  errors  hard  to  correct,  that  it  was  desirable  to  follow  more  ex- 
actly^  the  processes  of  nature,  that  it  is  not  possible  to  find  an  instru- 
ment fulfilling  all  necessary  conditions,  and  that  on  this  account  the 
Italian  service  had  rejected  all  evaporometers.  The  conference  finally 
decided  that,  while  observations  of  evaporation  were  important,  there 
is  no  form  of  measuring  instrument  which  can  be  especially  recom- 
mended. An  instrument  should  be  invented  which  would  permit  the 
measurement  of  evaporation  from  a  free  water  surface  and  also  from 
soils  of  diflferent  characters.  Provisionally  observations  should  be 
carried  on  with  the  weighing  instruments  and  with  Cantoni's  modifica- 
tion of  Piche's  instrument. 

Clouds  should  be  observed;  fog  should  be  recorded  when  it  covers 
the  station  and  its  density  should  be  given  on  a  predetermined  sc^e. 
Hcrr  Friesenhoff  recommended  a  measurer  of  dew  depending  on  the 
power  of  rock  salt  to  appropriate  atmospheric  water.  Drs.  Neumayer 
and  Ebermayer  expressed  the  opinion  that  balance  drosometers  should 
be  tried.  They  should  have  larger  dimensions  (2  feet  square  or  more) 
which  should  be  filled  with  different  materials.  The  conference  com- 
mended the  subject  of  a  good  measurer  of  dew  as  a  proper  subject  of 
study.  The  measurer  of  precipitation  should  be  on  the  model  recom- 
mended by  the  International  Congress  and  Committee.  The  seepage 
of  ground  water  is  important,  but  the  so-called  lysimeter  is  not  to  be 
recommended.  Wind  observation  should  be  taken,  as  at  ordinary  sta- 
tions. 

The  system  of  parallel  stations,  already  adopted  in  Bavaria,  Switzer- 
land, and  at  the  other  German  stations,  was  especially  commended. 
Radial  stations  were  commended  for  the  broader  fields  of  observation, 
and  it  was  recommended  that  a  series  of  such  stations  should  be  estab- 
lished in  eastern  Geraiany  and  in  Austria-Hungary,  and  the  final 
recommendation  was  made  that  observations  should  be  made  at  the 
forest  station  of  each  radial  system,  directly  over  the  crown  of  the 
trees.  Thus  this  happy  method,  the  fundamental  importance  of  which 
makes  it  strange  that  it  was  not  employed  from  the  first,  reached  at 
least  the  stage  of  recommendation  for  general  use.  The  practical  diffi- 
culty of  its  use  is  probably  what  has  prevented  its  adoption.  This  could 
l>e  easily  overcome  by  the  use  of  registering  instruments  which  are 
made  to  run  for  fifteen  days  without  attention,  or  by  the  use  of  the  now 
excellent  instrument's  for  electric  registry  at  a  distance. 

To  the  proposal  of  the  first  meteorological  congress  for  replies  as  to 
what  could  best  be  done,  Dr.  Woeikoff  made  a  suggestion  which  was 
not  tjiken  into  consideration  by  the  conference.  He  proposed  India  as 
the  best  field  for  such  studies,  especially  with  reference  to  rainfall. 
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For  this  purpose  observations  could  best  be  taken  in  the  central  prov- 
inces and  Berar,  as  they  are  hottest  in  April  and  May  and  the  forests 
are  extensive.  India  also  permits  a  study  of  the  effects  of  irrigation 
on  forests. 

The  German  service  supplies  each  of  its  stations  with  psychrome- 
ter,  maximum  and  minimum  thermometers,  six  soil  thermometers,  ba- 
rometer, evaporometer,  and  rain  gauge.  The  soil  thermometers  for  the 
surface  and  the  depth  of  6  inches  are  supported  by  small  tripods.  The 
four  thermometers  for  greater  depths  are  in  wooden  cases,  open  at  the 
bottom  and  extending  downward  only  so  far  that  the  bulb  of  the  ther- 
mometer may  remain  in  contact  with  the  soil  at  the  depth  required. 
The  cases  are  placed  together  and  are  open  at  the  top  to  permit  of 
read^^  access  to  the  instruments.  A  cover  over  the  open  ends  keeps 
out  the  water  and  exterior  air  currents.  The  thermometers  are  taken 
out  for  observation,  read  as  quickly  as  possible,  and  replaced.  The 
evaporometer  is  a  square  receptacle  of  zinc  with  a  surface  of  about  2 
square  feet  and  a  depth  of  about  5  inches.  A  measured  amount  of 
water  is  placed  in  it,  and  the  loss,  expressed  in  thickness  of  layer  evap- 
orated, is  noted  at  the  beginning  of  each  month.  This  instrument  is 
protected  from  precipitation  by  a  wooden  roof,  but  the  air  is  permitted 
to  have  free  access.  The  force  and  direction  of  the  wind  are  estimated, 
the  former  on  the  1  to  4  scale. 

The  rain  gauge  has  an  opening  of  about  2  square  feet  (18.58**")  and 
is  placed  at  a  height  of  5  feet  (1.52™),  like  the  other  instruments.  The 
Hnow  gauge  has  the  same  opening,  but  a  larger  body,  to  prevent  the 
snow  from  being  blown  out. 

The  observers  were  intrusted  with  other  observations,  especially 
those  relating  to  the  leafing,  flowering,  and  other  stages  of  certain 
plants,  and  the  list  of  plants  to  be  observed  is  given.  It  includes 
26  wild  plants,  mostly  trees  and  shrubs,  and  7  cultivated  ones. 
Observations  are  required  of  the  arrival  and  disappearance  of  a  few 
designated  species  of  birds  and  insects,  and  the  time  of  heat  of  the 
deer  and  rabbit.  The  order  in  which  observations  were  to  be  taken, 
the  mode  of  recording,  the  methods  of  reduction,  and  all  other  details 
are  minutely  given  in  the  instructions  to  observers,  and  painstaking 
<»ire  is  required  thi'oughout. 

From  1884  Dr.  Lorenz-Liburnau  put  in  operation  some  of  the  fertile 
ideas  which  he  had  already  suggested.  The  three  systems  of  radial 
stations  were  organized  as  already  described.  Dr.  Liburnau  thought 
that  the  general  character  of  the  influence  of  the  forest  on  climate 
was  already  determined  and  that  there  was  now  required  only  the 
elaboration  of  details.  The  mdial  stations  were  designed  to  fix  the 
relations  of  the  forests  to  the  climate  of  the  vicinity  with  varying  direc- 
tion of  wind,  and  a  special  series  of  observations  were  made  to  fix  the 
relations  of  forest  humidities  and  temperatures  at  various  elevations, 
below,  in,  and  above  the  tree  tops,  and  to  determine  their  modifications 
with  gene'ral  changes  of  the  weather. 
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The  most  elaborate  series  of  observations  of  this  kind  were  those  taken 
near  Ried,  in  lower  Austria,  in  1887  and  1888.  They  were  ospeoiall}^ 
devoted  to  the  problems  of  humidity,  and  to  obtain  thoroughly  satis- 
factory results  the  ordinary  wet  and  dry  bulb  thermometer  was  rejected 
and  an  exact  chemical  method  substituted.  This  consisted  in  passing 
a  known  volume  of  air  through  ciUcium  chloride  and  phosphoric  acid 
and  ascertaining  by  weight  the  water  taken  up  by  the  latter.  The  ca.se 
containing  the  chemic4ils  was  elevated  by  means  of  a  pulley  on  a  mast, 
to  the  height  at  which  the  ol)servation  was  to  be  taken,  and  the  air  was 
drawn  through  it  by  means  of  an  aspirator  below,  connected  with  it  bj'^ 
a  rubber  tube. 

The  observation  occupied  an  hour  and  thirty  minutes  and  the  tem- 
perature was  taken  at  the  beginning  and  end  by  means  of  an  upsetting 
thermometer,  elevated  by  means  of  a  pulley  to  the  height  required. 

The  results  were  very  exact  for  the  absolute  humidity,  less  so  for  the 
relative.  The  heights  at  which  the  observations  were  taken  were  4 
inches  (101.6"™),  16  (4.87"^),  36  (10.97™),  and  51  feet  (15.5™).  The 
second  was  under  the  tree  crown,  the  third  in  it,  and  the  fourth  was 
18  or  20  inches  above  it.  The  trees  were  red  beeches,  60  to  70  3^ ears  old, 
with  a  few  white  beeches  and  firs.  The  station  itself  was  in  and  over 
the  beeches. 

soil.  TEMPERATURES. 

The  soil  affords  an  excellent  means  of  measuring  the  avei'age  tem- 
perature effects  of  the  forest.  This  is  due  in  part  to  the  fact  that  the 
temperature  of  the  air  is  not  derived  so  much  from  the  direct  rays  of 
the  sun  as  it  is  from  the  heat  reflected  or  radiated  from  terrastrial 
objects.  These  absorb  the  heat  from  the  sun's  rays  more  readily  than 
does  the  air  and  yield  it  again  to  the  air.  The  soil  serves  in  another 
way  also  to  average  the  effects  of  forests.  The  soil  is  more  slowly 
warmed  by  the  sun  than  is  the  air,  and  the  deeper  the  stratum  the  more 
slowly  it  is  warmed.  The  result  is  that  rapid  and  passing  changes  of 
air  temperature  do  not  affect  it,  or  affect  it  onl}'  superficially.  It  tends 
to  show  only  the  great  periodic  changes  in  tempei*ature,  and  from  it  we 
are  able  to  ascertain  what  influence  the  forest  has  on  these  changes. 

The  results  which  follow  are  always  given  in  terms  of  the  difference 
of  temperature  of  the  soil  in  woods  and  in  open  fields.  If  we  put  W  for 
woods  or  forests  and  O  for  open  fields,  the  data  given  hereafter*  for 

*NOTB  ON   THE   CONSTRUCTION    AND   READINCJ    OF    THE   DIAGRAMH    IN   THIS   REVIK\4'. — 

The  horizontal  lines  (oniinat^s)  al>ove  or  Ixilow  the  zero  line  represent  values  of 
amounts,  degrees  of  tenipi^rature,  inches  of  prwipitation  or  evaporation,  pereentr 
ages,  etc.  The  vertical  lines  (abscissje)  r<?present  time,  dividing  the  field  into 
twelve  seasonal  divisions  corresponding  to  the  twelve  months  of  the  year,  the  outer 
lines  both  standing  for  the  month  of  December  or  commencement  of  winter.  The 
cur\'e  lines  are  constnictetl  by  noting  on  (»ach  monthly  line  the  values  found  for  the 
month,  and  then  connecting  these  [>oints  by  either  straight  or  rounded-off  lines. 
Unle.«s  otherwise  noted,  the  valutas  wj  plotted  are  the  differences  Ix^tween  the  read- 
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temperature  are  always,  except  where  otherwise  stated,  the  values  of 
11  —  O.  A  positive  sign  (+)  indicates  always  that  the  woods  are 
warmer  than  the  fields;  a  negative  sign  (— ),  that  the  woods  are  cooler 
than  the  fields.  The  degrees  are  Fahrenheit  and  the  other  units  of 
measure  are  the  usual  English  ones,  unless  otherwise  stated. 

In  Fig.  1  are  given  the  mean  annual  differences  of  temperature  for 
fields  and  woods  at  the  surface  and  at  depths  of  6  inches  and  -1  feet. 
These  are  for  the  German  stations,  a  brief  description  of  which  may 
be  found  on  page  30.  They  are  arranged  in  the  order  of  their  differ- 
ences at  the  surface,  and  at  the  right  hand  are  given  the  average 
values.  It  will  be  noted  at  once  that  the  differences  var}'  nmch  for 
the  diffei'ent  stations.  The  mean  annual  difference  for  Hadersleben  is 
less  than  one  degree  at  the  surface,  while  that  at  Melkerei  or  Neumath 
is  nearly  four  degrees.  It  will  also  be  noticed  that  the  differences  at 
6  inches  vary  with  respect  to  each  other  and  also  with  respect  to  those 
at  the  surface.  They  are  generally  less  than  the  surface  differences  at 
the  same  stations,  but  Hollerath  furnishes  a  notable  exception.  On 
the  whole  they  run  with  the  surface  differences,  but  are  somewhat  less. 
Again  the  differences  at  the  depth  of  4  feet  differ  among  themselves, 
but  not  so  much  as  do  the  others.  Their  relative  uniformity  is  due  to  the 
depth  at  which  the  temperatures  are  taken,  the  smaller  surface  changes, 
in  tempei-ature  and  in  water  contents,  being  little  felt.  These  differ- 
ences are  usually  greater  than  those  at  the  depth  of  6  inches  and 
less  than  those  at  the  surface.  But  there  are  exceptions  to  this,  not- 
ablv  in  the  cases  of  Hollerath  and  St.  Johann.  These  differences  in 
the  action  of  the  forest  are  due  to  several  possible  causes,  such  as  dif- 
ferences in  soil  as  well  in  the  field  as  in  the  forest  station,  in  kind  of 
trees,  in  their  density,  in  the  exposure,  in  the  character  of  the  air 
drainage. 

ings  under  two  sets  of  conditions,  namely,  in  most  oases  the  values  which  were  found 
for  the  stations  in  the  woo<l8  ( W)  diminished  by  the  values  found  for  the  stations  in 
the  open  field  (O).  or  W~0, 

The  value  of  this  difference  is  positive,  if  the  curve  runs  above  the  zero  line — that 
is  to  say,  the  records  for  the  woods  ( W)  showed  higher  vahies  than  that  for  the  open 
field  (O) ;  it  is  n^mtive,  t.  e.,  the  record  for  the  woods  was  lower,  if  the  curve  line 
nins  below  the  zero  line.  The  greater,  therefore,  the  vertical  distance  of  any  point 
in  the  curve  from  zero  line,  the  greater  is  the  influence  of  the  woods.  In  tempera- 
ture readings,  for  instance,  the  curve  above  the  zero  line  would  denote  that  the  woods 
were  warmer;  below  the  zero  line,  that  the  womls  were  cooler  than  the  open  fiel<l 
by  as  many  degrees  as  the  curve  runs  above  or  l)elow  the  zero  line,  the  latter  repre- 
senting that  state  of  conditions  when  W=0,  i.  «.,  when  there  is  no  difference  in  the 
readings  for  the  two  sets  of  conditions. 

Where  values  for  each  set  of  conditions  are  plotte<l  ^parately,  the  area  included 
wilhin  the  two  curve  lines  (hatched)  exhibits  the  difference  between  the  woikIs  and 
open  field. 

To  exhibit  more  rea<lily  the  amount  of  influence  of  the  forest,  the  areas  im^luded 
by  the  7^ro  line  and  the  curve  for  mean  values  is  also  hatched  in  most  cases. 
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Some  of  these  will  be  discussed  later;  the  material  on  hand  does  not 
permit  the  discussion  of  the  others.  They  are  instructive,  however, 
in  showing  how  great  is  the  difference  in  action  of  different  forests. 
For  instance,  the  effect  on  the  temperature  of  the  surface  at  Melkerei 
(—8^.95)  is  nearly  five  times  as  great  as  at  Iladersleben  (~-0'\S4).  This 
difference  of  action  of  the  forest  is  far-reaching,  for  it  extends  through 
a  layer  of  4  feet  of  badly  conducting  soil.  The  difference  at  this  depth 
at  St.  Johann  (—3^.03)  is  about  three  times  that  at  Eberswalde  (—1^.06) 
or  at  Haderslcben  ( — 1'.04:),  and  is  five  times  that  in  the  young  forest 
at  Lintzel  (— 0".58).  The  average  of  the  seventeen  stations  (represent- 
ing about  two  hundred  3'^ears  of  observation)  should  give  us  good  and 
significant  results.  It  shows  for  the  surface  —2'^.  59,  for  a  depth  of  6 
inches  (152  mm.)  —1^.87,  and  for  a  depth  of  4  feet  (1.22  m.)  — 2  \02. 
The  influence  of  the  forest  on  the  soil,  then,  is  a  cooling  one,  on  the 
average,  and  for  central  Europe  the  cooling  amounts  to  about  two  and 
a  half  degrees  for  the  surface.  The  cooling  is  due  to  several  causes: 
The  first  is  the  shade;  the  foliage,  trunks,  }>ranches,  and  twigs  cut  off 
much  of  the  sun's  heat,  absorb  and  utilize  it  in  vegetative  processes, 
or  in  evaporation,  or  reflect  it  away  into  space.  Thus  the  surface  soil 
in  the  forest  receives  less  heat  than  the  surface  of  the  fields.  The  same 
screen  acts,  however,  in  the  reverse  direc^tion  by  preventing  radiation 
to  the  sky,  thus  retaining  more  of  the  heat  than  do  the  open  fields. 
The  balance  of  these  two  processes,  it  seems  from  observation,  is  in 
favor  of  the  first  and  the  average  result  is  a  cooling  one. 

But  the  thatch  of  living  foliage  is  not  the  only  screen  possessed  by 
the  forest  soil.  It  has  in  addition  the  screen  of  the  forest  litter,  and 
this  is  in  a  condition  to  be  even  more  effective  than  that  of  living 
foliage.  It  lies  in  contact  with  the  ground,  preventing  the  dissipation 
of  the  heat  of  the  soil  by  moving  air,  and  at  the  same  time  lying  so 
loosely  as  to  form  air  spaces,  which  act  as  insulators  in  the  way  of 
preventing  the  exchange  of  heat  between  the  forest  soil  and  air. 
These  cooling  influences  are  enforced  by  the  moist  condition  of  the 
forest  soils.  It  does  not  warm  so  easilv  as  the  drier  field  soil,  and  more 
of  the  heat  ^hich  reaches  it  is  used  in  evaporative  processes  than  in 
that  of  drier  soil.  The  balance  of  all  these  processes  is,  it  appears,  in 
the  direction  of  cooling.  And  the  cooler  forest  soil  will  cool,  to  some 
degree,  the  air  in  contact  with  it,  and  this  air,  flowing  off'  to  some 
other  place,  will  take  this  cooler  temperature  with  it,  so  that  the  cool- 
ness of  the  forest  soil  will  make  itself  felt  over  the  vicinity. 

The  differences  of  temperature  at  the  depth  of  6  inches  (152  mm.) 
are  more  than  half  a  degree  less  than  at  the  surface.  In  this  is  to  be 
seen  the  specific  effect  of  the  forest  litter;  it  adds  a  covering  to  that 
pos.sessed  by  the  surface,  so  that  while  the  deeper  layer  is  cooled  as 
much  by  the  protection  from  the  sun's  rays  as  is  the  surface,  it  is  not 
cooled  so  much  by  radiation  of  heat  to  the  skj- .  Its  temperature  is, 
consequently,  relatively  higher,  and  it  approximates  somewhat  more 
the  field  temperatures. 
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It  is  not  SO  easy  to  explain  why  the  difference  at  i  feet  averagefl  a 
little  less  than  at  the  surface  and  a  little  more  than  at  6  inohes.  It 
may  be  due  to  retardation  in  the  penetration  of  diurnal  temperatures 
into  the  Hoil.  This  may  be  slower  in  the  cool,  moist  forest  soil  than  in 
the  wanner  and  drier  aoil  of  open  fields.  If  this  is  the  case  observa- 
tions at  the  same  instant  at  the  two  stations  would  determine  the  tem- 
perature at  two  different  parta  of  their  curves.  The  diurnal  chanf,re!j 
probably  extend  to  a  greater  depth  than  4  feet,  and  if  they  have  dif- 
ferent times  of  maxima  and  minima  (later  in  the  foi-est)  the  increase  of 
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of  tcmperatnro  [W—O'i  si  the  depth  of  4  Icet.  (The  line  ninnlng  under  Uienune 
□lasUttonlBlUuTullDc.  The  curve  fartlicsUtioDU  represented  t>y  tbe  nearvst  broken,  unbroken, 
or  duU«dlluu  like  that  111  Iht  margin.) 

the  difference  at  this  depth  could  be  explained.  It  may  be  that  a  part 
(undoubtedly  a  small  one)  of  the  differences  at  the  surface  and  at  6 
inches  may  be  due  to  this.  The  observations  were  taken  at  8  a.  ra. 
and  %  p.  m. 

Turning  now  to  the  progress  of  the  difference, "  Woods  "  minwi "  Open 
field"  readings,  through  the  seasons,  or,  a-s  we  shall  generally  express 
it,  IF— '>,  as  shown  by  the  differences  of  the  monthly  means,  another 
series  of  intere.'fting  fiwts  appear. 
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Fig.  !i  showf)  the  differences  of  tempertiturc  through  the  year  at  the 
depth  of  4  feet.  The  curves  for  all  the  stations  for  which  good  aionthly 
nicaas  for  all  the  months  could  be  obtained  are  put  on  one  sheet  for 
comparison.  In  order  not  to  crowd  them  too  much  they  are  placed  at 
different  levels,  the  zero  level  for  each  station  being  represented  hy 
the  line  running  under  the  name  of  the  station,  and  the  curves  belong- 
ing to  each  station  either  unbroken,  broken,  or  dotted  lines  nearest  to 
its  zero  line.  Seasonal  lines  are  drawn  for  the  monthly  values,  winter 
beginning  with  December,  spring  with  March,  summer  with  June,  and 
autumn  with  Septcmbt^r.  The  stations  are  arranged  in  the  order  of 
the  greatest  summer  differences. 

The  distances  between  the  horizontal  line-s  representing  degrees 
Fahrenheit,  the  absoluc  amount  of  IF — (?canlK!  read.  Thus,  for  Kl>ers- 
walde,  during  the  month  of  December,  W—^Ois  between  two  and  three 
degrce.s,  the  .soil  in  the  forest  being  by  that  amount  warmer  than  that 
in  the  open  at  4  feet  (1.22m)  depth,  while  in  the  middle  of  July  it  ia 
just  tive  degrees  lower. 
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It  will  also  readily  !«  seen  that  the  values  for  Hollerath,  Carlsl>crg, 
and  Neumath  are  never  above  their  zero  line;  that  is  to  say,  arc  always 
negative,  the  soil  in  the  woods  being  always  cooler. 

This  figure  shows  in  more  detail  the  differences  Iwtween  the  stations' 
which  were  so  readily  apparent  in  the  annual  means.     The  time  of 
maximum  is  generally  July,  but  Scboo,  in  a  mean  of  ten  years,  gives  a 
secondary  minimum  at  this  time,  and  for  Carlsberg  and  Mclkerei  the 
maximum  difference  falls  in  August.     Most  of  the  stations  give  a  posi- 
tive sign  forW—O  in  winter,  some  of  them  showing  a  large  excess 
(Eber8walde+2^.41,  Fritizen+2'-'.20);  but  there  are  several  exceptions, 
and  all  those  which  do  not  cross  the  zero  line  come  verj-  near  to  it. 
'    The  maximum  monthly  difference  is  —8^.17  for  Fritzen  in  July.    The 
I    least  July  value  is  —1*^.93  (for  Schoo),  less  than  a  quarter  of  the  pre- 
1   oeding. 

I      The  sign  of  TP—<!>  generally  changes  from  negative  to  positive  in 
1   December,  and  the  reverse  in  March.     The  progress  of  these  curves  is 
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nearly  alike,  and  on  constructing  the  curve  for  the  average  this  appears 
smooth  and  symmetrical,  as  is  seen  in  Fig  3.  The  dotted  line  here 
represents  the  progress  of  the  differences  at  the  depth  of  4  feet.  All 
the  irregularities  have  here  disappeared.  The  temperature  is  seen  to 
be  warmer  in  the  woods  than  outside  during  the  entire  winter.  It 
then  falls  rapidly  during  the  spring,  reaches  its  lowest  point  about 
July  1,  and  rises  again  rapidly  during  the  autumn.  The  broken 
lines  represent  the  progress  of  the  difference  of  temperature  at  the 
depth  of  6  inches  and  the  unbroken  that  at  the  surface.  The  first  have 
the  smaller  maximum  values  and  also  indicate  a  longer  time  during 
which  it  is  warmer  for  woods.  The  maximum  monthly  differences  are: 
For  4  feet,  — 5°.01  in  July;  for  G  inches,  —5°. 48  in  June;  for  the  sur- 
face, —7*^.05  in  June. 

A  glance  at  the  curves  shows  more  strikingly  the  retardation  sug- 
gested by  these  values.  By  the  course  of  the  curves  it  appears  that 
the  maxima  are  successively  later  as  we  descend,  being  a  full  month 
later  at  4  feet  than  at  the  surface.  Probably  the  same  thing  occui-s 
with  diurnal  changes;  that  is,  they  are  retarded  by  some  hours  at  the 
lower  depth.  It  appears  from  these  curves  that,  on  the  average,  the 
forest  soil  is  warmer  than  that  of  the  open  fields  in  winter,  but  cooler 
in  the  other  seasons,  and  the  total  cooling  effect  is  much  greater  tlian 
the  warming  one.  The  numerical  data  show  that  while  the  maximum 
negative  value  of  W—0  at  the  surface  is  7"^. 05,  the  maximum  positive 
value  (Januar}^)  is  0^.66,  or  only  alx)ut  one-eleventh  of  the  former.  At 
6  inches  (152.4  mm)  the  numbers  are  5^.48  and  0^.62,  and  the  ratio  one 
to  nine.  At  4  feet  (1.22  m)  they  a^-c  5^.1  and  0.36,  or  a  ratio  of  one  to 
fourteen.  The  forest,  therefore,  not  only  cools  the  soil,  butalso  moder- 
ates the  extremes  of  its  temperature.  The  amplitudes  of  the  mean 
monthly  values  are  decreased  by  0.66  +  7'".05  =  7^.71  at  the  surface, 
0'"-.62  +  5^.48  =  6^.10  and  0^.36  +  5^.01  =  5^.37  at  6  inches  and  4  feet 
depth,  respectively,  and  through  the  soil  this  moderating  influence 
must  be  appreciable  in  the  air. 

The  stations  of  the  German  service  are  so  happily  distributed  that  a 
study  can  be  made  of  the  differences  in  the  influence  of  deciduous  and 
evergreen  trees  upon  soil  temperature,  and  also  those  for  elevation 
above  the  sea.  For  the  first,  seven  stations  under  deciduous  trees  and 
seven  under  evergreens  were  taken,  Fritzen  and  Eberswalde  being 
omitted  to  get  a  symmetrical  arrangement,  and  Lintzel,  because  the 
trees  were  young.  The  reductions  were  made  for  the  two  sets  of  sta- 
tions independently,  and  the  results  are  shown  in  Fig.  4.  The  results 
are  here  plotted  separately  for  the  surface,  for  6  inches,  and  for  4  feet. 
The  dotted  lines  refer  to  the  deciduous  trees,  the  broken  ones  to  the 
evergreens.  The  differences  are  not  great,  but  they  are  quite  consistent 
at  the  three  depths.  Thej^  may  be  expressed  V)v  the  statement  that  the 
differences  vary  a  little  more  under  deciduous  trees.  This  is  what 
should  be  expected  from  the  character  of  their  foliage,    The  same 
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explanation  would  .suffice  for  the  .slight  retardation  of  the  fall  of  the 
curve  for  deciduous  trees.  There  is  one  f cjature,  however,  that  is  unex- 
pected. It  is,  that  the  diflFerence  between  the  two  sorts  of  forests  is  not 
especialh'  marked  in  winter.  As  a  matter  of  fact,  in  the  high  latitudes 
in  which  the  observations  are  taken,  the  sun  is  so  low  in  winter  that  the 
bare  trunks  and  branches  are  fairly  efficient  screens  against  his  rays. 

The  darker  color  of  these  bodies  also  permits  them  to  be  more 
wanned  up  when  the  sun  does  appear.  Besides,  the  persistent  cloudi- 
ness of  the  winter  and  the  covering  of  snow  in  these  latitudes  tend  to 
equalize  the  effects  of  the  soil  of  these  two  types  of  forests  at  this 
season.     The  annual  means  for  the  two  kinds  of  forests  differ  but  little. 
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Fig.  4. — Differences  of  soU  temperature  (woods  and  open  fields).    Comparison  of  deciduous  and  ever- 
green trees  ( W—O). 

For  the  surface  they  are  —2^.57  for  deciduous  trees,  —2^.62  for  ever- 
green trees;  at  6  inches  they  are— 1^.89  and  —1^.82;  at4  feet— 2^.05  and 
—2'^.  19.  They  are  represented  in  the  diagram  for  the  4-feet  depth  by 
the  two  straight  lines,  to  show  the  slight  difference  between  the  two 
types  of  forest  cover.  The  difference  in  amplitudes  is  somewhat 
greater.     The  amplitudes  are: 


Surface. 

8°.  50 
7°.  81 

Six  Inches. 

6°  04 
6°.  04 

Fonr  feet. 

For  deciduous  trees 

60.12 

For  eversreen  trees 

4°.  87 
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As  to  the  eifect  of  elevation  above  sea  level,  there  are  seven  stations 
over  1,900  feet  (571)  meters)  and  seven  below  500  feet  (152  meters).  The 
mean  elevation  of  the  first  set  was  about  2,400  feet  (732  meters),  that  of 
the  second  about  240  feet  (93  meters).  Lintzel  was  omitted,  and  ever- 
green and  deciduous  trees  were  about  equally  distributed  in  the  two  sets. 
The  reductions  were  performed  for  each  of  these  sets  separately,  and  the 
results  are  shown  in  Fig.  5.  The  differences  are  a  little  more  marked 
than  in  the  case  of   deciduous  and  evergreen  trees.     The  range  is 
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Fig.  S.—Differcnces  of  soil  temperature  (woods  and  open  fields).    Gomparison  of  eleyations  above 

sea  level  ( If'— 0) . 

noticeably  smaller  at  the  higher  levels.  The  forest  cover  there  has  a 
greater  cooling  effect  in  summer  and  a  greater  warming  effect  in  winter. 
Its  influence  in  moderating  a  climate  is,  consequently,  slightlv  greater. 
The  difference  in  influence  of  3'oung  trees  and  old  is  also  of  interest, 
but  the  material  is  scanty.  Lintzel  is  a  station  among  young  trees,  but 
there  are  only  seven  years  of  observation  (including  1888,  the  latest  on 
hand  at  this  writing).  The  curves  are  given  in  Fig.  6,  and  their  lack 
of  evenness  betrays  the  brief  series  of  observations  from  which  they 
wei*c  drawn.  The  surface  summer  reduction  seems  very  large,  and  that 
at  4  feet  unusually  small,  but  these  results  maj-  be  due  rather  to  the 
soil  at  the  station  (Liineburg  heath)  than  to  the  trees.     Dr.  WoUny  ha;^ 
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made  some  studies  of  the  effects  on  soil  temperatures  of  vegetation  at 
different  heights  and  has  found  that  on  the  whole  they  increase  with 
the  height. 

That  the  forest  litter  plays  an  important  part  in  the  matter  of  soil 
temperature  can  not  be  doubted,  but  no  details  are  given  on  this  point 
in  the  published  reports  of  the  forest  meteorological  services.  Numer- 
ous  experimental  observations  have,  however,  been  taken  by  Dr. 


-Ataufface,    — — At  6  incka  beUno  surface AtUfeetbdowturface. 


Pig.  6. — Differences  of  temperature  for  young  trees,  Llntzel  Station,  woods  and  open  flelds  ( W—0.) 

WoUny,  the  results  of  which  are  graphically  exhibited  in  Fig.  7.  The 
unbroken  curve  is  here  the  result  of  several  years'  observation;  the 
broken  ones  represent  shorter  series,  made  to  test  the  effects  in  indi- 
vidual soils.  The  comparison  is  always  made  with  bare  soil,  and  the 
positive  sign  here  means  a  higher  temperature  in  the  covered  soil. 
The  general  trend  of  the  curves  is  strikingly  like  that  in  forests. 
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FiQ.  7.— Effects  of  litter  on  soil  temperature  (littered  surface— bare).    ( W—0). 

The  material  at  hand  does  not  peimit  the  study  of  other  modifying 
influences — soil,  latitude,  prevailing  cloudiness,  water  in  the  soil,  etc. 
As  a  means  of  comparison,  it  may  be  of  interest  to  give  the  progress 
of  soil  temperatures  under  sod  as  compared  with  that  under  bare  soil. 
This  is  given  in  Fig.  8,  which  represents  the  means  from  an  eleven- 
year  series  of  observations  by  the  MM.  Becquerel.  The  trend  of  the 
curves  is  quite  unlike  that  of  the  forests.  The  sod  is  relatively  warm- 
est in  autumn  and  coldest  in  spring,  and  the  mean  is  in  favor  of  warmer 
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rather  than  cooler  temperatures.  The  curve  is  constructed  on  the  same 
scale  as  all  the  other  figures  of  this  chapter.  The  small  May  indenta- 
tion is  very  curious  and  is  unexplained. 
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Fig.  8.— Difference  of  soil  temperature,  under  sod,  and  bare  surface  (sod— Jmre).    Becquerel's  observa- 
tions. 

From  the  report  of  Mr.  Fernow  for  1889  the  following  tables  are 
here  reproduced,  combining  results  of  various  sets  of  stations  in  dif- 
ferent parts  of  Germany;  the  temperature  is  given  in  centigrade,  the 
minus  sign  denoting  lower  temperature  in  the  forest,  the  plus  sign 
higher  temperatures. 

Differeiuies  of  temperature  of  live  goU  inside  and  otUside  of  a  forest. 


1 


Februarj^- 
Aprll. 


May-July. 


Sur- 
face. 


Alsatian  Mountains —1. 0 

Bavaria |  -1.8 

Bavaria  ( other  stations) -1.3 

Easteni  Prussia -1.3 


0.9  m. 


-HO.  5 
0.8 

-0.6 
0 


Sur- 
face. 


7.8 
4.6 
4.6 
4.4 


0.9  m. 


2.8 

-3.9 

4.1 

3.6 


August-     1  November- 
October.  January. 


Sur- 
face. 


6.7 

2.6 

-2.6 

2.8 


0.9  m. 


3.2 

-3.0 

-3.0 

2.2 


Sur- 
face. 


-1-0.3 

0 
-HO.  3 
-1-1.3 


0.9  m. 


-0.7 
-0.1 
-0.1 
-1-0.9 


Year. 


Sur- 
face- 


-3.5 
-2.2 
-2.1 
-1.6 


0.9  m. 


-1.5 

-2.2 

-2.0 

1.0 


The  mitigating  influence  on  the  soil  temperature  appears  still  more  clearly  when 
the  maximum  and  minimum  temperatures  for  the  year  or  the  range  of  temperature 
is  compared. 


Range  of  temperature. 


Without 
the  forest 


Bavaria 

Alsatian  Mountains 
Eastern  Prussia .... 


Degrees. 
39.5 
35 
41.8 


Within 
the  forest 


Dearees. 
29.5 
21 
26.7 
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TEMPERATURES  OP  AIR  IK  THE  INTERIOR  OP  PORE8TS. 

We  pass  from  the  soil,  which  is  fixed  and  the  temperature  changes 
of  which  are  due  to  the  changes  of  the  surrounding  medium,  to  the  con- 
stantly moving  air,  the  temperature  changes  of  which  are  to  some 
extent  due  to  the  motions  of  the  medium  itself.  The  results  for  the 
air  from  this  cause  are  less  definite,  more  variable,  and  more  capricious 
than  those  derived  from  observations  on  the  soil.  At  the  surface  of 
the  soil  there  is  only  an  imperfect  relation  between  the  temperatures  of 
the  soil  and  air.  Yet  it  is  undoubtedly  true  that  the  air  temperatures 
near  the  surface  are  due  in  the  first  place  to  heat  derived  from  the  soil. 
It  is  to  the  motion  of  the  air,  carrying  with  it  its  temperature,  that 
this  disparity  between  soil  and  air  temperatures  is  due. 

The  observations  used  here  are  those  of  maximum  and  minimum 
temperatures.*  These  afford  satisfactory  results,  because  what  we  are 
concerned  with  is  not  so  much  the  tempemtures  in  woods  as  the  differ- 
ences between  temperatures  in  woods  and  those  outside.  Besides,  in 
using  the  extreme  temperatures,  all  danger  is  avoided  of  being  misled 
by  a  difference  in  the  diurnal  progress  of  temperatures  at  the  two  sta- 
tions. The  extreme  temperatures,  also,  are  those  which  best  show  the 
influence  of  the  forest,  for  this  is  exercised  chiefly  here,  as  in  soil  tem- 
peratures, in  reducing  the  extremes.  The  data  used  are  always,  unless 
otherwise  stated,  the  values  of  W—  O  (woods  minus  open  fields  reading), 
and  it  is  to  be  remembered  that  a  minus  sign  (or  position  below  zero 
line)  indicates  colder  temperatures  in  woods,  a  plus  sign  (or  position 
above  zero  line)  warmer.  The  observations  are  taken  at  the  same 
height  from  the  ground  in  the  woods  and  outside. 

ANNUAL  RANGE. 

Fig.  9  shows  at  a  glance  the  mean  annual  values  of  the  temperature 
difference  of  W—  O  in  the  case  of  maxima,  minima,  and  the  mean  de- 
rived from  them.  The  heavy  line  across  the  figure  represents  the  zero 
line  (for  W—  0=0).  The  annual  values  for  W—  O  for  the  maxima  are 
always  negative  and  they  are  laid  off  to  reach  below  the  zero  line.  The 
annual  values  for  W—  O  for  the  minima  are  always  positive  and  they  are 
laid  off  above  the  zero  line  to  the  same  scale. 

It  appears  at  once  that  the  action  of  the  forest  varies  greatly  in  the 
different  stations.  It  always  cuts  down  the  annual  mean  of  the  monthly 
maxima,  but  to  a  very  variable  extent.  In  the  case  of  St.  Johann  (five 
jeAx^  of  observation)  it  cuts  off  the  maxima  by  an  average  of  4^^.89, 
but  in  the  case  of  Schoo  it  is  only  1^.44,  or  less  than  one- fourth,  and  in 
the  case  of  the  young  forest  of  Lintzel,  it  cuts  down  the  maxima  by 
only  0^.35.     The  average  amount  of  reduction  for  all  stations  is  2^.85. 

*Dt.  Muttrich  has  published  a  complete  reduction  of  the  air  temperatures  for  the 
German  service  up  to  1890.  It  may  be  found  in  Danckelmann's  Zeiischrifl  fur  Ford 
und  Jagdweaen,  xxii,  1890,  396  and  397. 
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Fig.  9.~Fore8t  air  temperature  differences  ( W—  O) .    German  stations.    Mean  annual  (crofls-bar) ,  max- 
ima (below  zero  line),  minima  (above  zero  line) ,  and  ran^e  (length  of  lines). 
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Very  much  the  same  is  true  of  the  minima  temperatures.  They  are 
always  cut  off  in  the  annual  mean,  but  by  a  varying  amount.  The 
largest  reduction  of  the  minima  is  for  Sonnenberg  (2^.56);  the  smallest 
is  for  Melkerei  (0^.74),  except  for  the  young  forest  of  Lintzel  station, 
where  it  is  only  0^.43.     The  average  amount  is  1^.33. 

The  length  of  the  lines  opposite  the  names  of  the  stations  in  Fig.  9 
indicates  the  reduction  of  the  range  in  temperature  in  the  woods  as 
compared  with  the  outside.  This  is  a  reduction  of  range,  because  the 
forest  lowers  the  highest  temperatures  of  the  day  and  raises  the  lowest. 
This  reduction  varies  like  the  preceding,  of  which  it  is  the  sum  for  each 
station.  For  St.  Johann  it  is  6"^.26,  for  Sonnenberg  6^.92,  while  it  is 
only  1^.86  for  Hadersleben  and  0^.78  for  Lintzel.  This  is  a  measure 
of  the  degree  by  which  the  air  temperature  is  moderated  in  the  woods 
in  the  average.  The  absolute  moderation  is  often  greater,  as  the  woods 
become  more  efficient  in  reducing  greater  extremes,  especially  in  low- 
ering the  highest  temperatures.  This  is  seen  by  considering  the  abso- 
lute range  for  the  year — that  is,  the  nmnber  of  degrees  between  the 
highest  temperature  for  the  year  and  the  lowest.  The  mean  of  the 
absolute  annual  ranges  at  all  the  German  stations  is  for  the  open  fields 
92^.90,  for  the  woods  81^.86,  which  gives  a  reduction  of  11^.04.  The 
mean  range  for  all  stations  is  4^.18,  or  but  a  little  more  than  a  third  of 
this.  The  value  of  W—0  for  the  mean  annual  temperatures  is  one- 
half  of  the  sum  of  the  value  of  W—0  for  the  maxima  and  minima. 
The  reduction  of  the  minima  is  always  less  (except  for  Lintzel,  young 
woods)  than  the  reduction  of  the  maxima,  and  the  combined  effect  is 
necessarily  a  cooling  one.  On  Fig.  9  the  position  of  the  mean  tem- 
perature compared  with  the  zero  line  is  the  point  in  the  middle  of  the 
line  representing  the  range  of  W—0  for  each  station.  This  is  marked 
by  a  short  cross  line.  It  will  be  observed  that  in  every  case,  except 
the  one  mentioned,  this  mark  falls  below  the  zero  line,  or  on  the  cool- 
ing side. 

The  amount  of  reduction  of  the  mean  temperature  varies  with  the 
reduction  of  the  extremes,  and  is  very  different  for  different  stations. 
For  St.  Johann  it  is  1^.76,  for  Melkerei  it  is  1^.72,  but  for  Kurwien  it 
is  only  0'^.17,  while  for  Lintzel  the  mean  temperature  is  0'^.04  higher 
in  the  woods  than  out.  The  average  reduction  of  mean  annual  tem- 
perature for  all  the  German  stations  is  0^.76. 

It  appears,  therefore,  that  the  forest  rrwderates  (by  reducing  the  ex- 
tremes) and  cools  (by  reducing  the  maxima  more  than  the  minima)  tlie 
teiaperat/ure  of  the  air  loithin  it.  The  moderating  influence  is  decidedly 
greater  tJum,  tlve  coolmig  effect. 

MONTHLY  EANGE. 

On  taking  up  the  consideration  of  the  mean  monthly  values  of  W—  0 
a  very  curious  series  of  results  appears.  Fig.  10  illustrates  the  influ- 
ence of  the  forest  on  the  temperature  of  its  interior  air  at  Friedrichs- 
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rode,  but  is  a  type  of  all  the  curves,  differing  chiefly  in  the  magnitude 
of  the  changes  it  indication,  The  line  of  zero  differences  it*  used  as  the 
base  line  of  the  diagram.  On  it  are  laid  off,  at  equal  distances,  sea- 
sonal  lines,  on  which  the  values  of  W—0  for  the  monthlv  minima  are 
measured  off,  above  the  zero  line  if  plus,  below  if  minus.  The  points 
thus  obtained  are  connected  by  the  dotted  line  above  and  this,  there- 
fore, is  the  curve  representing  the  reduction  (  W^O)  of  the  minima. 
In  exactly  the  same  way  are  constructed  the  curves  for  the  mean 
monthly  values  for  TF^6^  for  maxima,  represented  by  the  broken  line, 
which  is,  therefore,  the  curve  for  the  reduction  of  the  maxima  for  the 
3'ear.  Between  these  two  curves  is  drawn  a  curve  with  unbroken  line, 
which  represents  the  reduction  {W'-O)  for  the  mean  temperatures. 
This  figure  shows  at  a  glance  all  the  details  concerning  the  influence  of 
the  forest  on  its  own  interior  air  temperatures.  The  distance  vertically 
between  the  exterior  curves  is  the  reduction  of  the  range.  The  space 
between  the  middle  curve  and  the  zero  line  represents  the  change  in 
mean  temperature  due  to  the  influence  of  woods,  cooling  if  the  curve 
lies  below,  warming  if  it  lies  above,  the  zero  line.  Where  it  lies  below, 
the  space  has  been  shaded  to  show  plainly  the  amount  of  cooling.  In 
this  diagram,  therefore,  is  shown  the  progress  of  all  these  elements 
during  the  year.  Analyzing  the  progress  for  Friedrichsrode  (Fig.  10) 
we  see  that  the  minima  in  the  woods  do  not  differ  much  from  those  out- 
side between  November  and  April.  Then  the  forest  begins  to  affect 
them  and  the  curve  for  ^V^O  for  minima  rapidly  rises  above  the  zero 
line.  It  reaches  the  greatest  distance  in  August,  approaching  the  line 
again  from  Septem))er  to  November,  when  the  minima  are  once  more 
closely  alike  in  the  forest  and  outside.  The  forest  has  the  greatest 
effect  on  the  minima  in  summer,  somewhat  less  in  May  and  September, 
still  less  in  April  and  October.  For  the  values  of  W—O  for  maxima 
the  progress  is  nuich  the  same,  only  in  the  reverse  direction  and  two 
or  three  times  as  great  in  magnitude.  The  greatest  effect  here  falls  in 
July  insteiid  of  August.  It  gives  form  to  the  W—O  values  for  mean 
temperature,  for  which  the  greatest  value  falls  in  July.  It  appears  also 
that  the  tempemture  in  the  woods  is  almost  alwa^^s  lower  than  in  the 
open  fields.  In  March  it  is  about  the  same;  in  winter  it  is  a  little  cooler; 
in  summer  it  is  decidel}-  cooler,  especially  in  July. 

These  figures  for  ir — ()  are  variously  modified  in  the  various  sta- 
tions. Fig.  11  (Ilagenau)  shows  a  case  where  the  reduction  of  the 
minima,  especially  in  summer,  is  relatively  small,  and  the  mean  tem- 
perature of  the  woods  is  less  for  the  entire  year.  Fig.  12  (Sonnenberg) 
represents  a  case  where  the  reduction  of  minima  is  almost  as  large  as 
that  of  the  maxima  and  there  is  little  reduction  in  mean  tempera- 
tures. In  fact,  the  woods  here  are  warmer  in  winter.  In  Fig.  13 
(Eberswalde)  the  reduction  of  mean  temperature  is  small  and  continues 
during  the  year,  like  the  preceding,  but  for  a  different  reason  the 
reduction  of  maxima  and  minima  here  run  synmietrically,  but  shows  no 
great  difference  in  quantit3^ 
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Forest  air  temperalure  differences^  woods  and  open  fields  ( M'—O). 
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Fig.  14  (Schoo)  shows  a  small  reduction  of  mean  temperature  limited 
to  late  summer  and  early  autumn.  Fig.  15  (Marienthal)  shows  a  curious 
aberrant  case.  The  woods  in  March  and  April  are  warmer  than  the 
fields.  But  Fig.  16  (Hadersleben)  is  perhaps  the  most  curious  of  all- 
Here  the  maxima  of  temperature  are  higher  in  the  woods  from  Novem- 
ber to  April  than  they  are  in  the  fields,  and  during  the  same  time  the 
minima  are  lower.  The  temperature  range  through  these  months  is, 
therefore,  greater  in  woods  than  outside.  But  the  increase  in  range  is 
small  and  the  mean  temperatures  are  about  the  same  in  woods  and 
outside. 

These  figures,  all  of  which,  except  the  first,  have  been  selected  be- 
cause they  were  peculiar,  are  instructive  in  showing  how  extremely 
forest  action  varies  while  preserving  consistently  its  characteristic 
features.  The  variations  are  due  to  the  causes  mentioned  under  soil 
temperatures,  with  the  addition,  in  this  case,  of  disturbances  due  to 
prevailing  winds.  The  average  effects  in  which  these  disturbing  ac- 
tions ai-e  eliminated  more  or  less  completely  are  illustrated  in  Fig. 
17.  As  this  represents  the  result  from  sixteen  stations,  through  about 
two  hundred  yeara  of  observation,  it  may  be  considered  fairly  typical 
for  middle  latitudes.     From  this  diagmm  it  appears  that — 

(1)  As  to  minima,  the  forest  reduces  them  with  fair  uniformity  dur- 
ing the  entire  year.  For  about  half  of  the  year  they  ai*e  reduced  about 
a  degree  Fahrenheit.  In  April  this  reduction  begins  to  increase;  it 
grows  gradually  until  it  reaches  a  maximum  of  about  2  degrees  in 
August.  From  this  it  lessens  until  November,  when  its  average  value 
is  1  degree. 

(2)  As  to  the  maxima,  these  are  reduced  about  1  degree  in  December. 
This  reduction  grows  slowly  until  it  reaches  about  2  degrees  in  April. 
From  this  it  grows  very  rapidly  until  it  reaches  about  6  degrees.  It 
remains  at  about  this  value  during  the  summer  and  decreases  mpidly 
during  the  autumn  to  its  December  value. 

(3)  The  reduction  of  range  is  about  2  degrees  in  the  winter,  6  or  7 
degrees  in  the  summer,  and  an  intermediate  amount  in  spring  and 
autumn. 

(4)  As  to  mean  temperature,  it  is  1  or  2  degrees  cooler  in  the  woods 
in  summer,  about  the  same  in  woods  and  open  fields  during  the  winter, 
and  intermediate  in  spring  and  autumn. 

(5)  The  moderating  and  cooling  effe(*ts  of  woods  already  mentioned  as 
a  phenomenon  of  mean  annual  temperature  extend,  it  appears,  through 
the  entire  year,  but  they  are  especially  marked  in  summer.  The  cool- 
ing effect  tends  to  disappear  in  winter.  The  moderating  effect  is  the 
most  important  one,  and  it  is  the  most  characteristic. 

It  has  often  been  claimed  that  forests  warm  the  air  of  their  interior 
in  winter,  but  the  German  observations  do  not  show  this.  On  the  other 
band,  there  is  an  occasional  warming  effect  in  early  spring,  while  in 
winter  the  woods  are  usually  slightly  cooler  than  the  open  fields. 
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Fbregt  air  temperature  differences,  woods  and  open  fields  ( W — 0). 
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M.  Becquerel  found  in  his  observations  that  the  woods  were  decidedly 
cooler  during  persistent  cold  weather.  For  instance,  at  La  Sal  vionniere 
during  unusually  cold  weather,  from  the  24th  to  the  30th  of  December, 
1867,  the  temperature  in  the  woods  was  21.4^  while  that  outside  was 
22.0°.  From  the  1st  to  the  12th  of  January,  1868,  the  temperature  in 
the  woods  was  14.5*^  while  that  outside  was  15.8°.  For  the  stations 
near  Chatillon-sur-Loing,  at  which  Becquerel  took  his  observations,  the 
forest  temperature  for  the  latter  dates  averages  13.3°  while  the  temper- 
ature in  open  field  was  14.4°.  He  noted  this  in  other  cases  and  thought 
that  the  lower  the  temperature  in  extreme  cold  weather  the  lower  rel- 
atively it  was  in  the  woods.  This  is,  however,  not  always  the  case.  In 
Dr.  Ebermayer's  published  series  of  observations  there  is  only  one  case 
out  of  seven  where  the  extreme  temperature  was  lowest  in  the  woods 
and  this  was  only  by  a  little  over  one  degree.  On  the  other  hand,  at 
Seeshaupt,  on  January  25, 1868,  the  temperature  in  the  fields  was— 20.4° 
while  in  the  woods  it  was  only  +2.1°,  or  a  difference  of  22.5°  in  favor 
of  the  woods.  These  are  extreme  and  not  mean  temperatures,  but  the 
published  data  do  not  permit  the  study  of  the  daily  mean  temperatures. 
Rivoli  made  a  special  study  of  this  subject  and  came  to  the  conclusion 
that  the  relative  winter  cold  of  forests  was  quite  dependent  on  the  direc- 
tion of  the  wind.  In  Posen,  146  single  observations  from  November  to 
March  gave  a  warmer  temperature  in  the  woods  except  for  south  and 
southwest  winds,  when  the  forest  temperature  was  lower  by  a  f I'action 
of  a  degree. 

The  published  observations  are  not  complete  enough  to  give  a  good 
idea  of  the  diurnal  progress  of  temperatures  under  trees,  but  several 
students  of  the  subject  (Becquerel,  Rentzsch,  Bergen)  find  that  it  is  of 
the  same  character  as  the  annual  progress.  They  generally  represent 
the  daily  minimum  temperatures  of  woods  as  being  higher  than  those 
outside. 

DECIDUOUS  AND  EVERGREEN   FORESTS. 

The  German  observations  permit  a  study  of  the  effects  of  different 
kinds  of  trees.  The  stations  were  classified  for  deciduous  and  ever- 
green forests  as  in  the  section  on  soil  temperatures,  and  the  means  of 
the  values  of  W—  O  were  calculated  separately  for  each.  The  results 
are  graphically  represented  in  Figs.  18  and  19.  The  difference  between 
them  is  much  more  striking  than  was  the  case  with  soil  temperatures. 
The  evergreen  trees  show  a  symmetrical  increase  in  the  reductions  of 
maxima  and  minima  until  late  summer,  when  they  rapidly  and  sym- 
metrically decrease.  The  greatest  reduction  of  the  maxima  is  4.21° 
(August),  the  least  1.20°  (December).  The  average  reduction  of  max- 
ima is  2.92°.  The  greatest  reduction  of  minima  is  2.20°  for  September, 
the  least  1.29°  in  November,  but  it  runs  capriciously  from  1.29°  to  1.68° 
from  November  to  May. 
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Fbresl  air  temperature  differences  of  woods  and  open  fields  (  W-—0). 
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Fig.  19.— Evergreen  treen. 


Fio.  20.— Elevated  stations. 


Fig.  21.— Near  sea  level. 
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The  mean  annual  reduction  of  the  minima  is  1.66°.  The  cooling  of 
the  woods  takes  place  throughout  the  year,  greatest  (about  one  degree) 
in  summer,  least  (almost  nothing)  in  December  and  January. 

On  the  other  hand,  under  the  deciduous  trees  the  time  of  appearance 
and  disappearance  of  the  foliage  is  very  plainly  observable  in  the  tem- 
peratures. The  year  starts  out  with  them  as  with  the  evergreen  trees, 
but  in  early  spring  the  influence  of  the  forest  shrinks  and  tends  to  dis- 
appear. With  the  appearance  of  the  leaves,  in  May  and  June,  it  grows 
again  and  very  rapidl}',  so  that  the  greatest  effect  is  brought  on  in  two 
months;  through  June  and  July  it  remains  constant,  but  in  August  it 
begins  to  shrink  rapidly,  and  by  November  it  has  again  approached  the 
degree  of  influence  exhibited  under  the  evergreen  form.  The  greatest 
effect  on  the  maxima  is  observed  in  July,  when  the  reduction  amounts 
to  6.50^^,  the  least  in  April,  when  it  is  only  0.65*^.  The  average  is  2.92°, 
exactl}^  that  for  evergreens.  The  reduction  of  the  minima  is  greatest 
in  September  (2.03°),  least  in  February  (0.50°)  and  November  (0.53°). 
The  average  is  1.14° — half  a  degree  less  than  for  the  evergreens.  The 
mean  reduction  of  minima  under  deciduous  trees  is  0.89°,  under  ever- 
greens 0.63°.  The  mean  reduction  through  the  year  is  curiously  alike 
for  evergreens  and  deciduous  trees.  The  main  difference  is  found  ia 
the  values  of  W—0  in  spring  and  summer.  In  early  spring  the  de- 
ciduous trees  liave  a  scarcely  appreciable  effect  on  the  temperatures; 
in  summer  their  effect  is  to  lower  the  temperature  two  degrees  or  moi*e, 
about  twice  that  of  evergreens. 

As  to  the  effect  of  elevation  above  the  sea,  the  stations  were  classified 
as  in  the  section  on  soil  temperatures  and  the  results  are  represented 
in  Figs.  20  and  21.  These  figures  do  not  differ  essentially.  The  effects 
on  the  elements  are  somewhat  greater  at  the  higher  station  and  the 
cooling  caused  by  the  forest  extends  through  the  year  more  evenly. 
The  difference  is,  however,  very  slight  when  expressed  in  terms  of  the 
reduction  of  the  mean  temperature.  For  elevated  forests  the  reduction 
is  0.84°,  for  those  near  sea  level,  0.66°. 

It  will  be  of  interest  to  see  what  is  the  effect  of  a  young  forest  on  the 
temperature  in  it.  Fig.  22  gives  the  results  for  Lintzel.  The  series  of 
observations  was  only  seven  years  long  and  this  is  not  long  enough,  it 
appears,  to  give  good  even  curves.  It  is  curious  to  see  that  this  curve 
hardly  suggests  those  found  for  mature  forests.  The  minima  are  always 
reduced,  but  the  maxima  are  exaggerated  in  spring.  Besides  the  reduc- 
tion of  mean  temperature  has  almost  disappeared  and  is  confined  to 
late  summer  and  autumn.  As  a  matter  of  fact  this  is  hardly  a  case  of 
temperatures  under  trees.  It  is  rather  a  case  of  temperatures  in  the 
foliage  and  corresponds  to  tempeititures  in  tree  tops  in  mature  forests. 

In  the  following  table,  taken  from  Mr.  Fernow's  report  for  1889,  the 
maximum,  minimum,  and  mean  temperatures  at  various  forest  stations 
are  compared,  the  plus  sign  denoting  higher  the  minus  sign  lower  tem- 
peratures than  those  observed  in  the  field  stations,  in  centigrade  read- 
ings: 
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+  1.0 
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*Stat1on  Vallambroea,  Tuscany.  -f  Station  Bellefontalne,  near  Nancy. 

I  Station  Melkerci,  in  the  Vosges  Mountains.  j  Stations  Seeshaupt  aud  Rohrbrunn. 

I  Stations  Fritzen  and  Kurwien. 

TEMPERATURES  IN  THE  TREE  CROWK  AND  ABOVP:  TREES. 

The  observations  used  in  the  preceding  section  were  all  taken  at  the 
usual  height;  that  is,  about  5  feet  (1.5  m.).  The  Swiss  forest  observa- 
tions are  taken  at  a  height  of  3  meters  or  about  10  feet.  I  have  not 
been  able  to  consult  these  observations  except  for  a  single  year,  that 
of  1876.  In  Lorey's  Handbook  of  Forestry  there  are  given  seasonal 
means  for  twelve  years  from  three  stations,  Interlaken,  Pruntrut,  and 
Berne.  These  give,  in  Fahrenheit  degrees,  for  winter,  [V—0  0^.92  for 
spring,  1^.33;  for  summer,  2^.72,  and  for  autumn,  1^.67.  These  are  of 
the  same  general  character  as  those  taken  at  an  elevation  of  5  feet. 
The  large  value  of  W-—  O  for  spring  makes  them  resemble  more  the  values 
given  in  the  preceding  section  for  stations  at  high  elevations  above 
sea  level.  This  is  to  be  expected,  as  the  Swiss  stations  are  at  the  ele- 
vation of  2,034  (620  m.),  1,476  (460  m.),  and  1,946  feet  (593  m.),  respec- 
tively. Observations  are  also  taken  by  the  Bavarian  and  German  services 
in  the  tree  crown.  A  place  is  selected  in  the  top  of  the  tree,  but  under 
the  thatch  of  foliage.  This  is  as  nearly  as  practicable  vertical  over  the 
instruments  placed  at  the  surface,  and  observations  on  temperature  are 
here  made  at  the  same  time  as  at  the  surface.  The  discussion  of  these 
observations  lies  under  two  serious  disadvantages.  In  the  first  place, 
there  is  generally  no  station  at  the  same  elevation  outside  the  woods, 
and,  in  the  second,  the  tree-top  stations  are  necessarily  at  different 
heights,  thus  making  impossible  a  direct  comparison  between  stations. 

The  first  difficulty  may  be  overcome  by  making  a  fictitious  outside 
station  and  giving  the  ground  station  temperatures  a  correction  for 
known  mean  variations  of  temperature  with  altitude.  Unfortunately 
this  reduction  of  the  surface  observations  to  a  given  altitude  can  not  be 
made  without  considerable  uncertainty.  The  change  of  temperature 
with  altitude  alters  with  almost  every  source  of  meteorological  change, 
with  season  and  time  of  day,  with  the  topography,  the  character  of  the 
soil  end  its  covering,  and  with  the  weather,  and  the  amount  of  change 
is  especially  variable  within  the  first  50  feet  from  the  surface,  within 
which  range  must  be  made  the  correction  we  propose  to  apply.  How- 
ever, the  correction  is  a  small  one,  and  over  the  territory  occupied  by 
the  German  stations  it  is  known  with  more  accuracy  than  elsewhere 
generally. 
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Fio.  28.--ForeHt  temperature  differences  for  the  year  at  height  of  the  tree  top  ( W—0). 
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The  correction  which  is  used  is  tliat  given  by  Mr.  Ferrel  in  his 
*'  Kecent  Advances  in  Meteorology/^  and  is  taken  from  the  column 
for  ^'  the  Alps  and  Germany  "  in  the  table  on  page  180.  In  no  place 
does  this  correction,  as  applied  to  the  German  tree- top  observations, 
surpass  0^.11  F.  (0.06^C.),  and  it  is  always  negative.  After  making 
this  correction  the  observations  will  be  treated  as  if  the  fictitious  ele- 
vated stations  were  real  and  the  values  of  Tf ' — (/  (here  primed  to  dis- 
tinguish from  those  at  the  level  of  5  feet)  will  be  discussed  as  were 
those  of  W—0  in  the  preceding  section. 

Fig.  23  represents  the  mean  annual  values  of  IP — (7  for  maxima  and 
for  minima;  the  maxima  always  negative  and  below  the  zero  line,  the 
minima  always  positive  and  above.  The  names  of  stations  are  placed 
opposite  the  lines  which  belong  to  them,  and  for  each  station  is  given 
the  elevation  in  feet  above  the  surface  of  the  ground.  As  in  the  pre- 
ceding section,  the  length  of  the  line  indicates  the  reduction  of  range 
of  temperature  in  the  tree  top,  as  compared  with  that  outside  at  the 
same  height,  and  the  point  in  the  middle  of  the  line  (marked  by  a  short 
cross  bar)  indicates  the  reduction  of  mean  temperatures. 

This  diagram  presents  the  same  features  as  the  corresponding  one 
for  lower  levels,  but  there  is,  if  anything,  more  variation  for  the  indi- 
vidual stations.  Also,  the  mean  temperature  is  here  sometimes  higher 
in  the  tree  tops  than  over  open  fields.  This  is  the  case  in  five  out  of 
sixteen  stations. 

It  is  noteworthy  that  the  reduction  of  the  annual  temperature  in 
tree  tops  does  not  appreciably  depend  on  the  heisfht  of  the  station 
above  the  ground.  The  lowest  (Schoo)  shows  the  smallest  reduction  of 
temperatures.  It  should  have  the  largest  because  nearest  the  ground. 
On  the  other  hand,  the  highest  station  (Hagenau)  stands  about  mid- 
way. The  next  highest  (Kurwien)  stands  somewhat  lower  in  the 
series,  while  one  of  the  two  next  highest  (St.  Johann)  leads  the  series. 
Nor  does  any  feature  (reduction  of  maxima,  minima,  or  mean  tcrai>era- 
ture)  show  any  distinct  distribution  with  reference  to  the  height  of  the 
station. 

Taking  up  the  individual  tree-top  temperature  diagrams,  we  find 
them  strongly  resembling  those  for  the  observations  at  the  5-foot 
level,  but  with  greater  variation  between  the  individual  diagrams. 
That  for  Friedrichsrode  (Fig.  24)  is  a  fairly  smooth  and  representative 
one,  and  it  greatly  resembles  those  of  the  preceding  section.  The 
minima  are  raised,  the  maxima  lowered,  the  action  is  a  cooling  one, 
and  it  is  most  marked  in  summer.  These  features  are  all  visible  in  the 
temperature  diagrams  at  the  5-foot  level.  The  cooling  eflPect  is,  how- 
ever, sometimes  distributed  through  the  year  with  some  approach  to 
evenness. 

The  reduction  of  the  minima  is  often  relatively  great  (Fig.  26,  St 
Johann).  It  is  not  rare  that  this  is  greater  than  the  reduction  of  the 
maxima,  leaving  not  a  cooling,  but  a  warming,  action  on  the  part  of  the 
woods. 
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TVee-iop  temperature  differences  woods  and  open  fields  (  W — 0). 
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Fig.  24.— Friedrlchsrode. 
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Fio.  25.— Kberawalde. 
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Tree-toj)  differertceg  ( TV— O). 
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Fig.  31.— Schoo. 
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Fig.  32.— Neumath. 
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Fig.  30  is  that  for  the  station  with  the  greatest  elevation  above 
the  surface  (Hagenau),  and  Fig.  31  that  for  the  least  (Schoo).  They 
show  great  differences,  but  there  is  no  connection  between  the  dia- 
grams through  those  for  the  intennediate  stations.  They  are  alike, 
and  of  especial  interest,  in  that  in  both  the  reduction  of  the  minima  is 
only  a  small  fraction  of  a  degree.  Fig.  32  (Neumath)  gives  the  only 
case  where  the  maxima  was  warmed  decidedly  more  than  the  minima. 
This  increases  the  range  and  makes  the  temperature  more  excessive  in 
the  late  winter  and  early  spring  months. 


Fig.  33.— Averai?e  diflfcrenccs  of  tree-top  temiwrature,  sixteen  German  stations  (  W—0). 

The  average  differences  of  tree-top  temperatures  ( 1P-(/)are  gi-aph- 
ically  given  in  Fig.  33.  It  is  at  once  seen  to  be  v^ery  similar  to  the  corre- 
sponding figure  (17)  for  the  elevation  of  5  feet.  There  is  the  same 
elevation  of  minima,  the  same  lowering  of  maxima,  the  same  cooling 
effect,  and  the  same  exaggeration  of  all  features  in  summer.  The  re- 
duction of  minima  is,  however,  more  nearly  equal  to  that  of  the  maxima, 
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Fig.  3 1.— Tree-top  temperature  differences  for  four  stations  with  average  height  of  24  feet. 

and  there  is.  consequently,  less  cooling.  It  seems,  therefore,  that  the 
tree-top  station  is  intermediate  in  temperatures  between  the  base  station 
and  that  in  open  fields. 

It  will  be  intenv-^ting  to  see  if  there  is  any  difference  through  the 
year  on  account  of  elevation  of  the  tree  tops  above  the  ground.  To 
ascertain  this  the  tw^o  low^est  stations  were  taken  (two  in  evergreens 
and  two  in  deciduous  trees)  and  their  values  of  W'-f^  were  combined. 
The  result  is  Fig.  34.     The  average  height  was  24  feet.     The  four 
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highest  (also  equally  divided  between  deeiduous  trees  and  evi»rgreens) 
were  similarly  treated,  with  the  result  shown  in  Fig.  35.  There  ap- 
pears no  unmistakable  diflference  between  them  due  to  anything  Imt 
individual  irregularities. 


Fio.  86. — ^Tree-top  temperature  dillereuci.>s  for  four  stations  with  averuKC  height  of  4G  feet. 

The  stations  for  deciduous  trees  and  for  evergreens  were  then  aver- 


Fio.  36.— Tree-lop  temperature  differences,  Gennan  stations  (  TT—  Oi— deciduous  trees. 

aged  separately,  as  for  the  preceding  stations.     Fig.  36  is  the  diagram 
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Fig.  37. — Tree-top  temperature  differences,  German  stations  ( Tf—  O)— evergreen  trees. 

for  deciduous  trees;  Fig.  37  for  the  evergreens.  The  reductions  for 
evergreen  trees  are  less  in  (Quantity  than  for  th(*  deciduous,  and  are 
distributed  more  evenly  through  the  year. 
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TEMPERATUKE  GRADIENTS. 

So  far  the  discussion  has  been  as  to  change  of  terapcrature  horizon- 
tally, or  the  horizontal  temperature  gradient.  The  tree-top  observa- 
tions peiinit  also  the  stud}'^  of  the  vertical  distribution  of  temperatures, 
and  this  is  a  matter  of  considerable  interest,  because  from  it  can  be 
drawn  some  conclusions  as  to  the  stability  of  forest  air;  that  is,  as  to 
its  tendenc}'^  to  originate  meteorological  disturbances  or  to  take  part 
in  those  which  approach  it.  This  can  be  studied  within  the  forest, 
because  there  are  two  stations — one  above  the  other;  but  it  can  not, 
unfortunately,  be  studied  outside  the  forest,  as  the  station  there,  in  the 
usual  meteorological  services,  is  single.  In  order  to  get  around  the 
difficulty  that  the  stations  are  not  at  the  same  height,  the  gradients 
are  expanded  to  the  uniform  height  of  100  feet;  that  is,  the  vertical 
temperature  gradients  in  the  figure  are  those  which  would  occur  in  for- 
ests if  the  temperature  continued  to  change  at  the  same  I'ate  through 
100  feet  (30.48  m.).  The  height  of  this  assumed  station  is  its  height 
above  the  ground,  decreased  by  5  feet  (1.5  m.)  (the  height  of  the  lower 
station).     As  the  irregularities  in  the  vertical  differences  are  exagger- 
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Fig.  88. — Vertical  temperature,  gradient  in  woodw,  degrees  Fahrenheit  for  100  feet. 

ated  in  increasing  them  for  100  feet,  onl}'  the  data  from  the  eight  high- 
est stations  were  used.  These  give  a  distance  between  lower  and  upper 
instrument  of  from  31  to  48  feet,  averaging  38  feet  (11.6  m.).  Three  of 
these  stations  were  for  evergreen  trees  (average  distance  43  feet)  (13  m.) 
and  five  deciduous  (averaging  35. 5  feet)  (10. 8  m.).  These  were  arranged 
separately. 

The  results  appear  in  Fig.  38.  The  unbroken  line  represents  the 
gradients  for  the  average  of  all  eight  stations,  the  broken  line  for  the 
evergreens,  and  the  dotted  line  for  the  deciduous  trees.  The  vertical 
gradients  are  surprisingly  large,  when  compared  with  the  avei-age.  In 
no  case  would  the  latter  be  more  than  0^.25,  and  it  would  always  be  neg- 
ative. Here  the  gradients  vary  from  0^.61  F.  per  100  feet  m  April  (for 
deciduous  trees  0^.77,  for  evergreens  0^.35)  to  +  2^.50  in  July  (decidu- 
ous +  2^.62,  evergreens  -(-  2^.31).  In  summer  the  average  gradient 
under  trees  is  about  +2^;  that  is,  it  grows  warmer  as  we  ascend  at  the 
rate  of  two  degrees  per  100  feet  (31  m.).  Outside  in  the  general  aver- 
age it  grows  colder  by  about  a  quarter  of  a  degree.    In  early  spring  the 
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gradients  are  somewhat  alike  in  and  out  of  woods.     In  other  pai'ts  of 
the  year  it  generally  grows  warmer  as  one  ascends. 

A  higher  tempei*ature  of  the  air  above  than  below  is  called  a  rever- 
sal of  the  vertical  gi-adient,  and  it  appears  that  in  the  woods  this  re- 
versal oi*curs  especially  in  summer.  It  also  occui's  in  the  open  air 
regularly  at  night  and  often  becomes  very  marked  on  a  clear  summer 
night,  especially  toward  morning.  The  gradient  is  at  such  times  gen- 
erally three  or  four  degrees  and  may,  under  exceptionally  favomble 
circumstances,  be  seveml  degrees  more.  The  same  thing  is  true  through- 
out the  dsiy  in  the  winter  months,  but  the  gradient  is  then  not  gener- 
ally large.  The  action  of  the  forest,  therefore,  tends  to  produce  a 
vertical  distribution  of  temperature  like  that  over  snow,  or  over  level 
fields  on  clear  summer  nights.  It  should  be  noted  that  this  arrange- 
ment is  in  favor  of  stability  of  the  air.  The  warmer  air  is  the  lighter 
and  is  on  top.  Still  this  tree-top  air  is,  in  the  warm  season,  usually 
cooler,  and  consequently  heavier  than  the  air  at  the  same  level  outside, 
as  is  shown  by  Fig.  38.  This  is  true  of  the  entire  column  of  forest 
air — that  is,  air  in  the  forest — and  this  heavier  air  will  tend  to  flow 
out. 


Fia.  39.— Forest  temperature,  differences  nt  Halattc.  under  deciduous  trees. 


TEMPERATURE    ABOVE    FORESTS. 

Systematic  ol)servation8  above  forests  have  been  seldom  taken. 
Among  them  are  those  taken  by  M.  Fautrat  a  few  miles  north  of  Paris, 
in  the  forests  of  Ilalatte  and  Ermenonville.  In  the  fii*st  the  observa- 
tions were  under  and  over  deciduous  trees,  oaks,  and  hornbeams,  in 
the  second  over  pines.  The  soil  at  the  latter  place  was  a  coarse  quartz 
sand,  and  the  open  field  station  was  over  a  sandy  plain.  The  surface 
observations  were  taken  at  a  height  of  1.4  meters  (4  feet  7  inches), 
while  those  above  trees  were  14  meters  (46  feet).  The  instruments 
appear  to  have  been  close  to  the  top  of  the  pines,  but  many  feet  above 
the  deciduous  trees.  The  published  observations  are  somewhat  frag- 
mentary, from  two  to  four  years  being  available.  The  temperature 
diagrams  near  the  ground  are  given  in  Figs.  39  and  40.  The  first  is  for 
the  deciduous  forest  and  is  of  the  familiar  type.  Fig.  40  exhibits  some 
striking  pexjuliarities,  chiefiy  in  the  exaggeration  of  the  minima  and 
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the  constantly  cooling  mean  tompenvture.  These  features  may  be  in 
part  due  to  the  soil.  Otherwise  the  diagram  resemV>les  the  correspond- 
ing one  of  the  preceding  section.     Fig.  41  gives  the  two  forest  tem- 
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perature  diagnims  above  trees  from  M.  Fautrat's  observations.  The 
line  for  mean  temperature  is  omitted  because  of  the  narrow^ness  of  the 
space.     It  would,  in  each  case,  hug  the  zero  line.     It  is  interesting  to 
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Fig.  41.— Forest  temperature,  differences  above  trees— from  Fautrat's  obeervationa. 

note  how  the  temperature  diagram,  in  Fig.  41,  has  here  contracted. 
That  for  evergreen  trees,  with  the  instruments  close  to  the  tops,  is  very 
narrow,  while  that  for  deciduous  trees,  instrument  about  20  feet  above 
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Fig.  -12. — Vertical  tcmix'mtnro  pradionts  from  obHorvatioiiR  alcove  trees. 

the  tops,  has  contracted  so  as  to  vanish  at  times.  It  is  evident  that  if 
the  instruments  had  been  put  a  few  feet  higher  up  it  would  have 
enti I'el y  disappeared.     Fig.  42  represents  the  vertical  gradients  from  M. 
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Fautrat's  observations.     They  are  all  reversed  throughout  the  .season, 
and  the  summer  gmdients  are  about  +4°.     Those  over  everg'reens  are 
^eater  than  those  above  the  deciduous  trees,  or,  perhaps  more  prop- 
erly, the  gradients  decrease  as  we  ascend  above  the  top  of  the  decidu 
ous  trees. 

The  observations  under  the  direction  of  Dr.  Lorenz-Liburnau  at  Ried 
were  taken  in  the  warmer  months  of  1888.  They  have  been  pub- 
lished quite  recently  (1890),  and  came  under  the  e3'eof  the  writer  only 
after  the  preceding  i>art  had  been  finished.  They  were  not  systemat- 
ically taken,  but  only  at  such  times  as  seemed  especially  suited  for  the 
study  of  especial  features,  and  hence  they  throw  light  on  some  points 
which  the  systematic  observations  do  not  sufficiently  care  for.  One  of 
these  is  the  change  in  temperature  above  and  below  the  crown  of  foli- 
age for  the  same  station  and  time.  Dr.  Liburnau  gives  the  following 
mean  results  from  many  individual  observations.  The  plus  sign  indi- 
cates an  increase  of  temperature  upward,  the  minus  a  decrease. 


Change— 


Mominfp  hours 

/Vbout  noon 

Afternoon 

Early  nieht 

lAst  night  and  early  morning 


From  16.4  to 
36.1  feet. 


+1.08 
+1.57 
+1.40 
+  .18 
-  .63 


.60 
.87 
.77 
.10 
.35 


From  36.1  to 
60.8  feet. 


+3.24 
+2. 43 
+2. 16 

-  .11 

-  .27 


1.80 

1.35 

1.20 

.06 

.15 


The  station  at  36.1  feet  w^as  in  the  crown,  that  at  50.8  feet  above  it. 
The  distances  are  not  great  enough  to  get  good  values  for  the  vertical 
gradients,  but  it  is  evident  that  these  are  very  large,  and  greater 
above  the  crown  than  below". 

These  observations  were  all  taken  with  a  clear  sky  and  calm  air. 
Some  interesting  figures  are  also  given  for  the  differences  between 
field  and  forest  temperatures  when  the  air  is  still  and  when  it  is  in 
motion. 

The  following  table  gives  the  values  of  W—  O  under  these  circum- 
stances: 


Morning  houn*: 

iUilm 

Windy  

Alwut  noon: 

Calm 

Windv 

Windy 

AfU'moon: 

Calm 

Windy 

Flntt  and  last  night  hours  (calm) 


l.'ndcr  trees, 
16.4  feet 

(5ra.). 


°F. 
-2.11 
-1.24 

•  -2. 47 

-1.62 

-2.02 

-1.37 
-1.19 
-2. 56 


°6'. 

1.17 

.70 

1.37 

.90 
1.12 

.76 

.66 

1.42 


Tree  crown, 
6.1  feet 
(11m.). 


-1.53  .84* 

+  1.07  .04 

-  .W  .30 
+  .02  .01  ; 
---1.14  .63  ! 

-  .5-1  .30 
-1.12  .62 
-3.00  .170 


Above  trees, 
50.08  feet 
(15.5  m.). 


°F.  °f\ 

+2.16  l.'io 

+2.29  1.27 

+  2.29  1.27 

+2.51  1.41 

fliiJO  .72 

+  1.03  .67 

1.28  .71 

-3.19  1.77 
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Under  the  crowns  the  temperature  is  lower  in  the  forest,  but  above 
the  crowns  it  is  usually  higher.  The  wind  reduces  the  difference  under 
and  in  the  crowns,  but  makes  little  difference  above  them. 

Putting  the  preceding  results  together,  it  appears  that  the  forests 
reverse  the  vertical  gradient,  and  that  the  gradient  grows  larger  as  the 
surface  of  the  forest  is  approached.  Toward  the  ground  the  change  is 
slow;  up'vard  it  is  very  rapid,  so  rapid  that  the  special  cooling  effect 
of  the  forest  must  disappear  at  no  great  height.  The  surface  of  the 
surface  of  the  forest  is,  meteorologically,  nmch  like  the  surface  of  the 
meadow  or  cornfield.  The  isothermal  surface  above  it  in  sunshine  is  a 
surface  of  maximum  temperature,  as  is  the  surface  of  the  meadow  or 
cornfield.  From  this  surface  the  tempei'ature  decreases  in  both  direc- 
tions. 

TREE  TEMPF.RATITKE8. 

The  disturbances  in  temperature  under  trees,  so  far  discussed,  would 
be  the  same  in  kind  if  the  surface  covering  called  a  forest  were  inor- 
ganic. They  are  due  to  the  screen  formed  by  the  forest  against  the 
sun's  mys  and  against  the  radiation  from  the  soil  to  the  sky.  The 
kind  of  effect  would  >)e  the  same  if  the  forest  were  dead,  but  the  quantity 
might  be  quite  different.  The  shade  under  a  dead  tree  is  much  less 
than  under  a  live  one.  This  is  due  to  a  considerable  extent  to  the  fact 
that  its  leaves  are  no  longer  spread  across  the  path  of  the  sun's  rays, 
and  the  heat  of  the  latter  is  not  so  much  absorbed  by  the  evaporation 
of  water.  These,  again,  may  be  purely  mechanical  effects,  and  it  is  still 
left  uncertain  whether  the  living  tree  affects  the  temperature  through 
its  vital  ac^tion ;  whether  in  the  processes  of  life  the  tree  does  not  abstract 
enough  heat  from  the  air,  or  add  enough  heat  to  the  air,  to  be  meteor- 
ologically sensible..  There  is  abundant  reason  to  think  that  it  may 
exert  such'ac^tion,  because  all  vital  processes  result  in  the  absorption 
or  radiation  of  heat — and  so  do  purely  inorganic  chemical  processes. 
The  tree,  as  an  organic  being,  is  a  source  as  well  lus  an  absorbent  of  heat; 
the  only  question  is  whether  the  heat  it  absorbs  or  emits  is  enough  in 
quantity  to  make  a  senHil)le  difference  in  the  temperature  of  the  air. 
The  analogy  of  the  hot-blooded  animal  leads  one  to  look  first  to  the 
tree  itself  for  a  solution  of  this  question.  Even  the  cold-blooded  ani- 
mal, when  of  a  large  size,  has  its  own  temperature  slightly  higher  than 
the  mean  temperature  of  the  medium  in  which  it  lives.  The  tree  is  a 
living  body.     Is  the  same  true  of  it? 

The  most  elaborati*,  series  of  observations  of  tree  temperatures  are 
those  taken  at  Geneva  for  the  five  vears  I7l>6  to  1800.  The  thermom- 
eter  was  introduced  into  the  trunk  of  a  horse-chestnut  tree  to  the  depth 
of  6  inches,  or  about  half  of  the  way  to  the  heart.  The  temperatures 
were  read  three  times  daily  (sunrise,  2  p.  m.,and  sunset),  and  observa- 
tions were  also  taken  at  the  same  hours  in  the  air  and  at  several  depths 
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in  the  soil.  In  Fig.  43  is  given  a  graphical  representation  of  the  mean 
monthly  tempemture,  for  the  tree  (unbroken  line),  for  the  air  (broken 
line),  and  for  the  soil  at  the  depth  of  4i  feet  (dottt^d  line).  The  straight 
linens  across  the  diagram  horizontally  represent  the  mean  annual  tem- 
peratures for  these  three  positions  respectively.  It  appears  that  the 
mean  temperature  of  the  tree  is  lower  than  that  of  the  air  (by  0^.8), 
and  «till  more  so  than  that  of  the  soil  at  the  depth  of  4  feet  (by  — I  .7). 
The  results  are  not  easy  to  interpret.  A  part  of  the  difference  is 
probably  due  to  a  retardation  of  diurnal  maxima  and  minima  in  the 
tree.  M.  Becquerel  found  this  retardation  very  marked,  but  his  obser- 
vations were  of  such  a  kind  that  they  can  not  be  satisfactorily  tabu- 
lated. He  found  that  in  small  branches  the  summer  diurnal  maximum 
was  retarded  by  two  or  three  hours,  while  for  larger  ones  it  might  be 


50* 

••^k..^ 

40° 

/ 
/ 
/ 
/ 

^/^ 

y 

> 

J — 

% 

30* 

I 

■y 

t 

VN 

1 

20* 



•  «••    ^  *« 

^ 

^ 



1-^ 

■ 

""V" 



IS* 

// 

» 

1 
% 

12' 

J. 

// 

* 

\ 

8' 

-/- 

4* 

/y^ 

0 

WINTER 

SPRING 

SUMMER. 

AUTUMN. 

fa  a  horU'ChestmU.  — — — --  fa  the  air.  --- -In  soil/our  and  a  quarter  feet  below  surface. 

Fio.  4S.— Tree  temperatare — Geneva  obpcrvations. 

twice  this.  This  being  the  case,  the  daily  observations  would  not  fall 
at  the  same  parts  of  the  daily  curve  of  temperature,  and  whether  the 
correction  to  be  applied  to  bring  them  to  a  comparative  condition 
should  be  positive,  negative,  or  zero  would  depend  on  the  hours  used 
and  on  the  retardation  in  the  tree.  The  differences  shown  in  Fig.  43 
are,  therefore,  not  necessiirily  the  true  differences,  and  with  the  proper 
corrections  many  of  the  irregularities  of  the  curve  would  probably 
disappear.  The  curve,  however,  indicates  that  the  tree  is  relatively 
warmer  in  early  spring  and  late  summer  and  the  opposite  between 
these  dates,  and  also  that  the  summer  maximum  is  i-etardod  as  com- 
pared with  that  of  the  air. 
The  trunk  of  the  tree  is  so  constructed  as  to  be  a  very  poor  conductor 
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of  heat.  The  wood  itself  i.s  a  bad  conductor;  the  tissue  is  filled  with 
air  or  sap,  both  bad  conductors;  and  it  is  protected  by  a  layer  of  Imrk 
which  is  an  especially  poor  conductor.  All  these  would  tend  to  pre- 
vent the  access  of  heat  to  the  interior  of  the  tree  and  to  prev^ent  its  exit 
when  there. 

These  conditions  would  explain  the  retardation  of  the  maximum  in 
trees  but  would  not  explain  the  lower  mean  temperature  nor  relatively 
low  temperature  of  winter.  Some  light  may  be  thrown  on  their  con- 
dition by  the  values  of  the  differences  of  temperature  between  tree 
and  air  surrounding  it  {T—  W).  These  observations  were  not  made  in 
the  German  service  but  were  in  the  Bavarian.  It  is  necessarv,  there- 
fore,  to  depend  here  on  the  much  shorter  series  of  published  observa- 
tions of  the  latter  service.  Observations  of  the  tempei'ature  of  the 
tree  were  taken  at  the  base  and  in  the  crown.  The  thermometer  was 
always  introduced  to  the  heart.  For  the  stations  at  the  base  this  dis- 
tance varied  from  4  inches  to  11.2  inches,  averaging  6.3  Paris  inches 
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Fig.  44. — Tempemtnre  rliflferenoes  between  tree  and  air. 

(170  mm.).  The  observations  in  the  crown  were  made  at  an  avei*age 
height  of  31.4  feet  (varying  from  20  to  46).  The  depth  of  the  ther- 
mometers varied  from  2.7  inches  (73  mm.),  to  8.5  inches  (230  ipm.), 
averaging  4.3  Paris  inches  (116  mm.).  The  number  of  trees  on  which 
observations  were  made  through  the  year  was  eight — five  evergreen 
and  three  deciduous.  The  results  are  represented  in  Fig.  44,  the  broken 
Mne  showing  the  tree-crown  observations,  and  the  dotted  line  those  near 
the  base.  The  straight  lines,  parallel  to  the  zero  line,  represent  the 
corresponding  mean  values.  While  in  Fig.  43  the  mean  temperatures 
are  used,  in  Fig.  44  the  monthly  values  of  T—  TFare  shown. 

In  the  ari"angement  of  each  one  of  the  curved  lines  in  Fig.  44  about 
its  mean  value,  the  corresponding  straight  line,  there  is  nothing  but 
what  might  be  expected  in  observations  in  the  interior  of  any  inorganic 
mass,  such  as  a  rock,  a  mass  of  masonry,  or  a  dead  tree.  In  fact, 
except  for  certain  irregularities,  which  are  proba})ly  due  to  the  shortness 
of  the  series  of  observations,  the  curves  are  much  lii<e  the  value  of 
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W—  <)  for  soil  temperatures.  The  tree,  like  the  soil,  is  wariiUM-  in 
winter  and  cooler  in  summer  than  the  mean  value  for  W—  O.  It  is 
also  noteworthy  that  for  the  smaller  trunks  and  branches  the  varia- 
tions  from  air  temperature,  and  the  variations  from  its  own  mean,  are 
smaller,  exactly  as  would  be  the  case  with  any  inorganic  body. 

In  short,  the  variations  of  temperatures  correspond  to  the  varia- 
tions of  temperature  in  inorganic  Indies  of  simihir  character  and 
similarly  placed.  In  fact,  Bravais,  in  winter  observations  at  Bossekop, 
Lapland,  found  the  temperatures  in  a  live  and  dead  tree  to  )>e  pmcti- 
callj'  the  same. 

It  onl}'  remains  to  discuss  the  average  lower  ttMnpemture  in  trees. 
In  Dr.  Ebermayer's  tables,  this  reduction  of  temperature  at  the  base 
of  trees  as  compared  with  air  is  2^.2,  while  at  the  crown,  with  an  aver- 
age diameter  of  limb  two-thirds  as  greiit,  it  was  1^.2.  This  reduction 
ma^'  be  due  to  the  temperatures  of  the  water  taken  from  the  ground. 

When  the  sap  flows  most  freely — in  spring  and  early  summer— the 
soil  is  cooler  than  the  air  and  the  water  drawn  from  the  soil  must  have 
its  temperature.  The  tree  is  so  thoroughly  protected  from  the  conduc- 
tion of  heat  that  this  temperature  must  change  but  slowly  as  the  sap 
rises.  It  must  give  a  lower  temperature  to  the  interior  of  the  tree  and 
this  lowera  the  annual  mean.  At  the  same  time,  for  rejisons  to  be 
given  in  the  next  section,  the  return  sap  is  probably  also  cooled  to  some 
degree,  so  that  all  the  water  circulating  in  the  tree  is,  in  the  warm 
season  at  least,  cooler  than  the  air. 

The  foliage  seems  especially  arranged  for  the  exchange  of  heat.  Its 
surface  is  very  large  for  its  mass,  and  it  is  so  exposed  to  the  open  air, 
to  the  sky,  and  to  the  sun's  rays  that  it  is  adapted  to  receive  and  part 
with  heat  easily  and  quickly.  The  temperature  of  leaves  considered 
as  purely  inorganic  bodies  should,  therefore,  be  lower  than  that  of 
the  air  at  minimum,  and  higher  at  maximum.  There  seem  to  be  no 
systematic  observations  on  the  teniperatuies  of  foliage,  but  botanists 
have  taken  a  good  many  occasional  observations  which  confirm  the 
statement  just  made.  The  temperature  of  the  leaves  falls  decidedly 
lower  than  that  of  the  air  on  clear  summer  nights,  the  difference  l)eing 
genei'ally  several  degrees  and  sometimes  reaching  eight  or  ten.  On 
the  other  hand,  this  temperature  rises  in  the  sunshine  to  several,  and 
occasionall}^  to  many,  degrees  of  temperature  higher  than  the  air 
around;  in  other  words,  the  maximum  temperature  of  leaves  in  sun- 
shine is  higher  than  that  of  the  air,  while  the  minimum  temperature  in 
clear  nights  is  lower  than  that  of  the  air.  A  leafy  branch  with  the  cut 
end  in  water  and  exposed  to  the  sunshine  has  ])een  found  to  be  cooler 
than  one  not  in  water,  suggesting  that  the  average  temperature  of 
foliage  is  on  the  whole  lower  than  that  of  the  air  about  it. 
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VEGETATION  AND  AIR  TEMPERATURES. 

It  appears  from  the  preceding  section  that  the  tree  shows,  of  itself 
oy  its  own  action,  no  sign  of  warming  the  air  and  but  little  sign  of 
cooling  it.  Systematic  observations  show  this  to  be  true  of  the  f  mrae- 
work  of  the  tree,  but  no  observations  have  been  taken  for  the  foliage 
and  other  exterior  parts — the  parts  where  most  of  the  vital  activity  of 
the  tree  takes  place.  The  great  volume  of  chemical  and  physical 
changes  which  are  produced  here  and  which  result  in  the  growth  of  the 
tree  and  the  foniiation  of  its  fi"uits  make  it  an  open  question  (not  yet 
decided  by  direct  observations,  which  are  noteasil}^  instituted)  whether 
the  tree  does  not  affect  temperature  sensibly.  So  far  as  any^  observations 
go — those  in  the  tree-crown  for  instance — they  show  little  clear  evidence 
of  such  a  meteorological  effect,  but  it  will  be  of  interest  to  see  what  can 
be  concluded  theoretically.  The  changes  which  take  place  at  the  leaf- 
surface,  due  to  vital  activity,  are  produced  b}'  the  trees  in  common 
with  the  other  and  lower  forms  of  vegetation  and  consequently  the 
problem  to  be  solved  is  double,  namely:  Do  the  vital  processes  of  vege- 
tation, in  which  heat  is  utilized  or  given  off,  produce  a  sensible  effect 
on  air  temperatures,  and  is  the  effect,  if  any,  different  for  trees  and 
for  meadows,  mixed  growths,  or  crops? 

Vegetation  has  a  complicated  relation  to  heat  in  the  various  organic 
processes.  In  the  transpiration  of  water  it  utilizes  large  quantities  of 
heat,  changing  it  from  that  sensible  in  temperature  to  the  work  of  sus- 
taining the  water  in  a  condition  of  vapor.  This  latent  heat  becomes 
again  sensible  when  the  water  is  condensed,  but  this  may  occur  at  a 
distance  from  the  place  where  the  water  is  taken  up.  By  unlocking 
the  combination  of  carbon  and  oxygen  in  carbonic  acid,  using  the  car- 
bon and  rejecting  the  oxygen,  it  reverses  the  action  of  combustion  and 
so  takes  up  heat.  On  the  other  hand,  in  the  various  processes  in  which 
oxygen  is  combined,  it  performs  a  process  analogous  to  combustion 
and  gives  out  heat.  This  process  is  sometimes  so  active  (as  in  the  ger- 
mination of  some  seeds  and  the  flowering  of  some  plants)  that  the  tem- 
perature of  the  parts  is  luised  several  degrees  above  that  of  the  outside 
air,  and  it  is  sensibly  warm  to  the  hand.  There  are  other  more  com 
plicated  processes  going  on  in  the  plant,  the  relations  of  which  to  heat 
can  not  })e  foretold. 

The  quantity  of  heat  used  in  these  processes  varies  greatly  with  the 
season,  the  temperature,  the  condition  of  the  plant,  and  so  on.  It  can 
be  ascertained  only  approximately  even  in  the  processes  best  under- 
stood. Yet  the  problem  has  so  many  features  of  interest  that  even 
such  an  approximate  solution  is  desirable.  For  insttmce,  the  German 
forester  Ney  has  attempted  to  show  that  the  unseasonable  frosts  of 
mid-May  in  central  Europe  are  due  to  the  amounts  of  heat  absorbed 
by  plants  at  that  setison. 

The  transpiration  of  water  by  the  plant  is  a  vital  process  which 
needs  the  stnnulus  of  the  sun's  rays;  it  takes  place  m  the  green  parts 
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only,  and  is  especially  active  when  these  pirts  arc  voun^.  It  is  the 
process  by  which  the  plant  j^ets  rid  of  the  surplus  water -after  having 
drawn  it  from  the  soil  in  order  to  extmct  from  it  the  nutriment  which 
is  present  in  only  a  very  highl}'  attenuated  solution.  Botanists  have 
made  many  mea.surements  of  its  amount  and  their  results  are  ex- 
tremely varied,  due  partly  to  the  fact  that  this  function  varies  much 
natui'ally,  and  still  more  perhaps  to  the  fact  that  the  experiments  are 
generally  made  under  conditions  which  are  not  natural  to  the  plant. 
Sachs  says  that  it  is  no  rarity  for  a  tolerably  vigorous  tol»acco  plant 
at  the  time  of  flowering,  or  a  sunflower  of  the  height  of  a  man,  or  a 
gourd  plant  with  from  fifteen  to  twenty  large  leaves,  to  transpire  from 
one  to  two  pints  of  water  on  a  warm  July  day;  and,  so  far  as  may  be 
judged  by  the  use  of  branches  with  the  cut  end  in  water,  it  may  be 
believed  that  large  fruit  trees,  oaks  or  poplars  absorb,  transport 
through  their  stems,  and  transpire  from  the  leaves,  ten  to  twent}*  or 
more  gallons  of  water  daily.  He  also  quotes  Haberlandt  to  show  that 
the  amount  ti'anspired  by  a  stalk  of  Indian  corn,  in  its  season  of  173 
days,  is  3  gallons;  by  a  stalk  of  hemp,  in  140  days,  is  6  gallons;  by  a 
sunflower  plant,  in  140  days,  is  14^  gallons. 

It  is  not  generally  practicable  to  compare  the  transpiration  with 
known  meteorological  phenomena,  such  as  evaporation  from  a  water 
surface,  or  from  the  soil,  or  the  precipitation,  but  some  such  compari- 
sons have  been  made.  For  instance,  comparing  the  leaf  surface  to  an 
equivalent  water  surface,  linger  makes  transpiration  from  the  fonner 
0.33  of  the  evaporation  from  the  latter;  Sachs  for  white  poplar  0.36, 
for  the  sunflower  0.42.  (Comparisons  have  also  been  made  between  the 
transpiration  from  plants  and  the  evaporation  from  the  surface  over 
which  the  plants  stand.  Schleiden  thought  that  the  transpiration 
from  the  forest  was  three  times  that  of  a  water  surface  equal  to  the 
territory  covered  by  the  forest.  Schiibler  thought  it  only  a  quarter; 
and  Pfaff,  who  studied  a  solitary  oak  in  a  garden,  found  that  it  varied 
from  0.87  to  1.58.  Comparing  the  transpiration  of  plants  with  the 
evaporation  from  the  bare  soil  which  would  be  covered  by  them,  Hartig 
thought  the  transpiration  of  a  forest  less,  Schiibler  found  it  0.6  for 
the  forest  and  3.0  to  5.0  for  sod.  Marie-Davy  found  it,  for  fii*s  1.18, 
for  beeches  1.32,  for  sod  1.86.  As  to  the  influence  of  sunlight,  Vines 
quotes  from  Wiesner,  who  carried  on  his  observations  with  special 
precautions  to  prevent  influence  from  other  stimuli  of  the  transpira- 
tion. The  results  are  given  in  the  following  small  table,  in  which  the 
evaporation  in  full  sunlight  is  taken  as  unity. 


Plant 


Tho  common  broom. 

Lily  ( L.  croceum) 

Biuthy  mallow. 


0.37 

0.33 

0.33 

Indiaucorn 1.00  0.12  0.15 


Transspira-   IndlfTuite<l 
lion  in  sun.    daylight. 


In  dark- 
ness. 


1.00 

0.10 

1.00 

0. 5J 

1.00 

0   10 

1.00 

0.12 

Means I  l.OO  0.36  0.27 


I 
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From  this  it  appears  that  it  is  the  direct  sun's  rays  that  mast  pro- 
mote transpimtion.  When  in  diffused  light  the  plant  tmnspires  only 
a  third  as  much,  and  in  darkness  only  a  quarter.  The  application  of 
this  to  forests  is  evident,  bet^ause  there  at  anv  time  of  day  a  considei^a- 
ble  part  of  the  foliage  is  in  shade. 

The  estimates  of  transpiration  are  very  numerous  and  it  is  not  easy 
to  get  from  them  an  estimate  of  the  amount  for  plants  in  terms  of 
evaporation  or  precipitation.  In  the  following  table  those  have  been 
selected  which  were  most  easily  expressed  in  terms  of  quantities 
observed  meteorologically.  The  duration  of  the  active  season  was 
taken  into  account  in  each  case. 


Observer. 


Hales. 


Schleiden 


Vogel , 


Hartig 

Pfaff 

Hohnel 

Behiibler  ... 

Haberlaiidt. 


Transpiration  expressed  a«  rain- 
fall equivalent  in  inches. 

Dally. 


•( 


Sunflower 

Cabbage 

Grapevine 

Hop 

Clover  and  oats 

4  years  beeehes 

4  vears  firs 

Wheat  field 

Barley  field 

24  vears  mixed  forest. 

Oak 

115  years  beeches 

Lo\v  spear  grass 

Oals 

Barley 


Inches. 
0.13 
0.12 
0.03 
0.06 
0.11 

o.oa3 

0.002 

0.62 

0.56 

0.021 

0.21 

0.05 

0.08 

0. 13 

0.07 


Mm. 
8.30 
3.05 

.76 
1.27 
2.79 

.076 

.aM 

15. 75 
14. 22 
.533 
5.3:5 
1.27 
2.0:5 
3.30 
1.78 


Annual. 


Inchcft. 

15.2 

14.4 
4 
5.6 

13.6 
0.43 
0.28 
4.4 
3.9 
3.8 
193.2 
9.2 

14 
9.1 
4.9 


(?) 


Mm. 
381 
366 
101 
142 
345 
11 

112 
99 
96.5 

2:53 
355 
281 
124 


Authority. 


Embermayer. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Austrian  Met.  Journal. 
Sachs. 
Duchartre. 

Do. 

Do. 


The  best  that  can  })e  done  with  these  very  variable  measures  is  prob- 
ably to  take  a  mean  of  the  values  of  Hartig  and  H^ihnel.  This  gives 
the  transpiration  of  the  forest  as  ().5  inches  (1()5  m.)  for  central  Europe, 
or  ab(mt  one  quarter  of  the  precipitation.  That  this  is  not  much  too 
large  is  indicated  by  PfalTs  results,  which  appear  to  be  excessive,  and 
that  it  is  not  much  too  small  is  indicated  b}'  those  of  Vogel. 

The  most  elaborate  investigations  on  transpimtion  of  forest  trees 
were  made  by  F.  B.  Il^hnel,  and  since  a  discussion  of  these  appears 
in  the  report  of  the  chief  of  the  forestry  division  (Mr.  B.  E.  Fernow) 
for  1889,  I  quote  his  language  on  this  subject: 

The  quality  of  water  so  used  is  a«  variable  as  the  amount  of  precipitation,  and  in 
fact  within  certain  limits  depends  largely  upon  it.  That  is  to  say,  a  plant  will  trans- 
pire in  proportion  to  the  amount  of  water  which  is  at  its  disj)Osal.  Transpiration  is 
also  dej>endent  on  the  stage  of  develoi)ment  of  the  plant,  on  the  nature  of  its  leaves 
and  amount  of  its  foliage,  on  temperature,  humidity,  and  circulation  of  the  air,  on 
intensity  of  the  sunlight,  and  on  temperature  and  structure  of  the  soil  and  on  other 
meteorological  conditions.  Kain  and  dew  reduce  transpiration,  wind  increases  it 
The  amount  of  transpiration  depends  considerably  upon  the  thickness  of  the  leaves, 
therefore  the  surface  of  the  foliage  is  not  a  re]ia])le  measure,  but  it  should  be  com- 
pared with  the  weight. 

With  so  many  factors  to  vary  them  the  values  wliich  may  be  given  for  the  amount 
of  transpiration  of  various  kinds  of  trees  can  only  be  approximations  of  its  range 
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within  wide  limits.  All  the  figures  which  have  l)een  pahlifthed,  Itaneil  iipoiK  itilcii- 
lations  or  experiments  in  the  laljoratory,  are  uselew  for  practii-al  purpoeee.  Kspe- 
cially  do  thoee  fignreH  which  represent  the  re(]uirement  of  the  plant  as  exceeding  the 
amount  of  precipitations,  exhibit  on  simple  reflei'tion,  their  absurdity. 

If  the  re(]uireiiient  per  acre  is  considered,  the  density  of  the  growth  of  plants  must 
also  lie  taken  into  atx'onnt. 

The  first  careful  and  comprehensive  investigations  into  the  water  requirements  of 
forest  trees  were  made  by  the  Austrian  forest  experiment  stations  in  1878  (F.  B, 
Hohnel) ,  and  full  tables  of  the  results  obtained  van  be  found  in  the  rei*ords  of  those 
fitations. 

An  average  of  the  many  figures  there  presented  would  make  the  amount  of  tran- 
9I>iration  per  100  grams  of  dry  weight  of  leaves  in  conifers  4,778  to  4,990  grams  of 
water,  in  detdduous-leaved  trees  44,472  to  49,553  grams  of  water.  That  is  to  say, 
the  ileciduous  trees  transpired  about  ten  times  as  much  as  the  conifers,  and  compar- 
ing the  two  extremes  of  transpiration,  the  deciduous  tree  with  the  highest  rate  of 
transpiration  utilized  twenty-three  times  more  water  than  the  coniferous  tree  with 
the  lowest  rate.  Ash,  birch,  and  lin<ien  were  found  to  \ye  the  most  vigorous  tran- 
Fpirers,  oaks  and  maples  transpiring  much  less.  Curiously  enough,  while  in  the 
conifers  shade  retluced  the  transpiration  considerably,  in  the  deciduous  trees  it  had 
the  opposite  effect. 

During  the  period  of  v^jetation  the  following  varieties  transpired  per  pound  dry 

weight  of  leaves: 

Pounds 
of  water. 

Birch  and  Linden 600-700 

Ash 500-600 

RHX-h 450-500 

Maple 400-450 

Oaks 200-300 

Spruce  and  Scotch  Pine 50-70 

Fir 30-40 

Black  Pine 30-40 

The  next  season,  which  was  more  favorable  to  transpiration,  the  amounts  were 
larger;  tlie  deciduous  trees  transpiring  from  500  to  1,000,  the  coniferous  from  75  to 
200  jwinnds,  or  in  the  proportion  of  one  to  six. 

The  following  actual  amounts  transpired  per  100  grams  of  dry  leaves  during  the 
third  season  (1880),  will  show  the  relative  position  of  the  various  sjiecies  (European): 

Kilograms.  KilogramH. 

Ash 101,850  Scot<5hPine 12,105 

Birch 91,800  Fir 9,380 

Beech 91,380  I  Austrian  Pine 7,005 

Homljeam 87, 170  Aspen 95, 970 

Elm 82,280  Alder 93,300 

Maple  ( A.  campestre) 70, 380  Linden 88, 340 


Norwav  Maple  (A.  plnta- 

noides) 61,180 

Oak  ( Q.  robur) 69, 150 

Oak  {Q.  Cerris) 49,220 

Norway  Spruce 14, 020 


Larch 125,600 


Average  deciduous  trees . .     82, 520 
Average  conifers 11,307 


The  variability  of  transpiration  from  day  to  day  is  of  wide  range;  a  birch  stand- 
ing in  the  open  and  found  to  have  200,000  leaves  was  calculated  to  have  transpired 
on  hot  summer  days  700  to  900  pounds,  while  on  other  days  its  exhalations  were 
probably  not  more  than  18  to  20  pounds. 

A  fifty  to  sixty  year  old  beech  was  found  to  have  35, 000  leaves,  with  a  dry  weight 
of  9.86  iK>nnd8;  a  transpiration  at  the  rate  of  400  pounds  per  pound  during  the  period 
of  vegetation  would  make  the  total  transpiration  3,944  pounds  per  tree  (about  22 
pounds  daily);  and  since  500  such  trees  may  stand  on  1  acre,  the  transpiration  per 
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acre  would  ainount  to  1,972,000  i>ound8,  while  the  prei'ipation  durinj?  the  same  period 
would  be  2,700,000  pounds. 

The  tranHpiration  of  a  thirty-five-year-old  l)eech  with  thinner  leaves,  of  which 
there  were  3,000,  with  a  dry  weight  of  0.79  pounds,  would  under  the  same  t-onditions 
transpire  470  pounds  per  1  j)Ound  of  foliar,  or  373  poumls  per  tree  (about  2i  pounds 
jHjr  day  from  June  to  Noveml)er);  and  since  about  1,600  such  might  l)e  found  on  an 
acre,  the  total  transpiration  might  amount  to  596,800  pounds  jKjr  acre,  or  consider- 
ably less  than  the  amount  of  rain-fall. 

Calculated  for  summer  months  during  June,  July,  and  August  alone,  the  require- 
ment of  the  two  l)eech  growths  was  20,000  and  5,000  pounds  per  day  an  acre  respeiv 
tively.  Conifers,  as  was  stated,  transpire  one-sixth  to  one-tenth  of  the  amount 
which  is  nee<led  bv  deciduous  trees. 

The  amounts  transpired  by  agricultural  crops  and  other  low  vegetation,  weetls, 
etc.,  have  been  found  to  be  (considerably  larger,  sa  will  be  aeen  from  the  results  of 
the  latest  investigations  by  Wollny,  which  1  have  calculated  per  acre  to  make  them 
comparable  with  the  foregoing  results: 


Agricultural  crops. 


Winter  rye. 

Barley 

Pea« 


Red  clover  (first  season). 

Summer  rye 

()ftt« , 


BeaiiH 

Red  clover  (second  season) 


Time  of  vegetation. 


Apr.  2a-Aug. 

do 

do 

Apr.20-Oet. 
Apr.  20- Aug. 
Apr.  '20-Sept. 
Apr.  2a-Sept. 
Apr.  20-Ocl. 


3, 1879 


1,1879 
14,1S«0 
14,1880 
10,1880 

1,1880 


Water  con- 
sumption 
per  acre. 


Pouiidtt. 
2,600,186 
2, 7-20, 238 
3, 144, 128 
3.070,012 
3,000,486 
8.422.5M 
3,139,233 
4, 109, 198 


I  repeat  again  that  these  figures  can  only  ]ye  very  rough  approximations  denoting 
maxima  of  transpiration,  and  that  the  amounts  transpired  per  acre  depend  largely 
on  the  amounts  furnished  l>y  precipitation.  Therefore  our  forest  areas  within  the 
arid  region  of  the  country  probably  transpire  a  minimum  of  water,  their  scattered 
growth  ami  their  coniferous  composition,  with  the  s(!anty  rain-fall,  reducing  the 
amounts  to  lowest  limit. 

Taking  a  rain-fall  of  20  inches,  w^hich  represents  say  4,500,000  pounds  of  water  per 
acre,  a  coniferous  forest,  assumed  to  transpire  one-sixth  of  the  amount  found  for  the 
older  beech-forest  under  most  favorable  conditions  of  pre(!ipHation,  would  require 
hardly  more  than  330,000  pounds  (presuming  the  same  weight  of  foliage),  or  not  8 
per  cent  of  the  total  precipitation.  To  be  sure,  this  amount  must  l>e  available  dur- 
ing the  period  of  vegetation. 

THEORETICAL   CALCULATION   OF   HEAT   ABSORPTION.* 

There  is  another  way  in  which  the  average  amount  of  transpiration 
can  be  approximated,  perhaps  more  closely  than  by  the  method  of  direct 
measurement.  The  water  transpired  comes  mostly,  if  notentirely ,  from 
the  soil.  On  evaporating  it  leaves  behind  it  the  matters  held  in  solution, 
a  portion  of  which  is  inorganic  and  is  that  which  constitutes  the  ash  of 
the  plant.  Assuming  that  the  absorption  by  the  plant  is  not  sensibly 
selective  in  the  average  from  a  large  number  of  individuals,  then  a 
knowledge  of  the  annual  addition  of  inorganic  material,  /.  e.^  a.sh,  to  the 

*  The  computations  in  thi.s  section  are  made  on  the  decimal  system  l)ecause  of  its 
greater  simj)licity. 
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forest^  and  the  amount  of  mineral  matter  held  in  solution  hy  the  ground 
water  will  enable  us  to  compute  the  amount  of  water  which  has  been 
evaporated.  The  required  data,  particularly  the  latter,  are  often  known 
with  some  exactness.  Taking,  with  Grandeau,  the  average  amount  of 
ash  in  the  plant  at  5  per  cent  and  the  quantity  of  mineral  matter  in 
.solution  as  two  paints  in  ten  thousand,  the  plant  must  transpire  five 
thousand  times  the  weight  of  its  ash  or  two  hundred  and  fift}'  times  its 
own  direct  weight.  Grandeau  gives  6,497  kilograms  as  the  annual  pro- 
duction of  a  beech  forast  (wood  and  foliage).  6,442  as  that  of  Norway 
spruce,  and  6,420  as  that  of  pines,  for  every  hectare  covered.  These 
numbers  niultiplied  by  250  would  give  the  quantity  of  water  transpired, 
which,  reduced  to  thickness  of  the  sheet  of  water  over  a  hectare,  gives 
the  depth  or  rainfall  equivalent.  In  these  cases  it  gives  6.4,  6.3,  and 
6.3  inches,  respectively.  The  numbers  given  by  Grandeau  are  for  cen- 
tral Europe,  as  were  the  preceding.  The  results  by  the  two  methods 
are  6.5  and  6.3  inches,  which,  by  chance,  are  remarkably  close  to  each 
other.  Knowing  the  amount  of  water  transpired,  and  the  temperature 
a:  which  transpiration  takes  place,  it  is  easy  to  get  the  amount  of  heat 
used  up  in  the  process.     The  evaporation  of  any  given  weight  of  water 

606.5  —  0.695^ 

wouM  heat  bv  1^  C.  a  weight  of  air  which  is times  as 

0.2875 

great,  where  t  is  the  centigrade  temperature  of  the  water  evaporated. 

As  water  is  773  times  as  dense  as  air  at  the  standard  temperature  (32*^ 

F.)  and  standard  pressure  (30  inches),  the  evaporation  of  a  layer  of  water 

an  inch  thick  takes  up  as  much  heat  as  would  warm  by  1~^  C.  a  layer  of 

606.5  —  0.695^ 

air  of  standard  density  and  of  a  thickness  of X  773  = 

0.2375 

(606.5— 0.695^  3255  inches.     For  different  temperatures  the  thickness 

of  the  layer  of  a  homogeneous  atmosphere  which  might  l)e  cooled  1 

degree  for  each  inch  of  the  la3^er  of  water  evaporated  is  as  follows: 


Tempera- 
ture. 

Thickness 
of  air  layer. 

Miles. 
31.1 
30.8 
30.4 

°C.    °F. 
0    32 
10    50 
20    68 

The  cooling  equivalent  to  the  annual  forest  growth  is  therefore 
alx>ut  6.4  times  that  expressed  in  this  table  and  takes  place  through  the 
entire  season,  but  is  greatest  in  late  spring  in  sunshine,  least  in  dark- 
ness in  late  summer.  It  acts,  however,  continually,  and  when  the 
enoi*mous  thickness  of  the  air  layer  is  divided  by  150  days  (about  the 
length  of  the  active  season)  and  this  by  the  number  of  seconds  in  a  day, 
the  result  per  second  does  not  appear  so  very  large.  Asa  convenient 
general  expression  it  may  be  said  that  the  evaporation  of  any  depth  of 
water  would  take  up  enough  heiit  to  cool  b}-  one  degree  (Fahrenheit  in 

25662— No.  7—02 6 
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this  case)  one  million  times  that  depth  or  volume  of  air,  the  latter  being 
of  average  temperature  and  density. 

In  calculating  the  effect  of  the  breaking  up  of  the  carbonic  acid,  we 
may  assume  that  as  much  heat  is  used  as  would  be  given  out  b}^  burn- 
ing the  same  quantity  of  carbon  in  oxygen — that  is,  by  remaking  the 
compound.  Grandeau  gives  as  the  annual  product  of  carbon  by  plants, 
per  hectare,  3,000  kilograms  for  forests,  1,500  to  4,500  kilogmms  for 
open  fileds,  and,  exceptionally,  15,000  kilograms  for  a  field  of  giant 
maize.  This  is  prolmbly  all  derived  from  the  carbon  dioxide  of  the  air. 
The  burning  of  a  kilogram  of  carbon  produces  7,900  large  calories  of 
heat  according  to  Andrews,  or  8,080  according  to  Favre  and  Silber- 
mann. 

The  large  Calorie  is  the  amount  of  heat  necessary  to  raise  one  kilo- 
gram of  water  1^  C.  in  temperature;  it  would  warm  to  the  same  amount 
1  ^  0.237  =  4.22  kilograms,  or  4.22  X  773.3  =  32G3.31itei-sof  standard 
air.  The  burning  Of  the  annual  carbon  productions  above  given  would 
warm  by  1^  C.  the  thickness  of  air  mentioned  in  the  following  table,  in 
which  7,900  is  used  as  the  number  of  calories  produced  by  the  com- 
bustion of  1  kilogram  of  carbon: 


Calories 
used  per  an- 
num per 
hectare. 


Forest i      23. 7  >  lO^ 

*"""^ li  35.5X  106 

Maize 118.5  x  10« 


Liters  of  air 
coole<i. 


77.2  X  10» 

38. 6  X  KP 

115.8  A  10» 

386. 0  X  10» 


ThieknesM 

of  air 

cooled. 


Miles. 


5.0 

7.5 
25.0 


It  appears  that  the  heat  absorbed  })y  the  entire  car})on  assimilation 
for  a  forest  is  only  from  one-fifth  to  one-sixth  of  that  used  in  evaporat- 
ing a  layer  of  water  an  inch  deep.  As  the  latter  is  only  a  sixth  or  a 
seventh  of  the  transpiration,  it  appears  that  the  cooling  which  would 
))e  caused  by  the  breaking  up  of  carbonic  acid,  in  order  to  form  forest 
growth,  is  onh^  from  one-thirtieth  to  one-fortieth  of  that  caused  })y  the 
transpiration. 

It  is  highly  probable  that  the  heat  used  in  the  former  process  is  more 
or  less  closely  made  up  by  the  heat  produced  in  the  oxidations  that  go 
on  in  the  plant.  In  an}-  case  the  cooling  due  to  this  source  may  be 
disregjirded  and  only  that  of  the  transpiration  be  considered.  It  i^ 
estimated  that  the  sun's  rays,  when  the  sun  is  vertical,  pour  out  twenty- 
five  calories  per  minute  over  each  square  meter  of  surface  exposed  ver- 
tically to  it.  Of  this  about  30  per  cent  is  absorbed  in  passing  through 
the  atmosphere,  when  the  sun  is  vertical  and  the  sk}'  clear,  and  very 
much  more  under  other  circumstances.  The  17.5  calories,  for  a  clear 
day  and  vertical  sun,  would  in  a  single  minute  evaporate  a  layer  of 
water  0.0011  inch  think.  But  the  transj)! ration  is  about  6.5  inches 
for  the  season  of  about  150  davs,  or  0.00003  per  minute.     Thus  jhe 
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sun's  rays  under  these  favorable  ciri'iinistances  pour  on  the  surface  ^  P 
times  a«  much  heat  as  is  required  for  evajH)ration.  If  the  maxi- 
mum heat  of  sunshine  is  reduced  by  one-half  for  latitude,  by  seven- 
eights  because  of  night  and  of  low  morning  and  afternoon  tempera- 
tures, and  again  by  one-half  because  of  cloudy  weather,  making  its 
average  value  one  thirt3'-second  that  given  above,  yet  there  is  more 
than  enough  over  each  square  foot  of  forest  to  eflfect  the  tmnspiration. 

It  is  only  where  the  transpimtion  has  been  very  active  during  the  day 
and  continues  into  the  night  that  its  cooling  could  be  possibly  injurious, 
but  as  the  temperature  cools  the  transpiration  itself  is  checked,  and 
besides  the  moisture  which  it  has  poured  into  the  atmosphere  serves  as 
a  screen  to  prevent  rapid  radiation  from  the  soil,  and  its  condensation 
returns  some  of  the  heat  that  had  been  taken  up.  There  might,  however, 
occur  a  combination  of  circumstances,  very  rapid  transpiration  during 
the  day  absorbing  the  sun's  heat,  a  clear  night,  calm  air  and  a  low  tem- 
perature from  other  sources  coming  on  with  the  evening,  when  the 
transpimtion  might  cause  the  temperature  to  fall  l>elow  freezing.  This 
could  hardly  happen,  however,  without  a  meteorological  change  toward 
cold,  and  this  change  nmst  come  on  toward  evening,  for  otherwise  it 
would  itself  check  the  transpiration. 

The  combination  would  l)e  more  likely  to  occur  over  herlniceous 
growths,  especially  over  giuss  and  cereal  crops,  than  over  forests. 
Their  transpiration,  it  appears,  from  the  table  (page  80),  is  dex^idedly 
greater  than  that  of  the  forests,  and  they  make  rapid  advances  nmch 
earlier  in  the  spring  when  such  low  temperatures  are  otherwise  tx)s- 
sible. 

TEMPERATITRK8  IN  WOODS,  CiLAOKS,  AXI>  PLiAINS. 

The  foliage  of  the  trees  reflects  a  considei^able  part  of  the  solar  rays 
which  reach  it,  and  this  heat  is  reflected  in  all  directions.  That  part 
which  passes  toward  the  sky  is  probably  lost,  and  plays  only  a  small 
part  in  warming  the  air.  The  part  which  is  n^flected  longitudinally  or 
at  downward  angles  has  a  very  favorable  path  for  absorption  l)v  the 
air,  more  favorable  in  fact  than  that  of  the  noondav  direct  ravs  of  the 
sun.  The  absorption  of  this  heat  should  occur,  for  the  most  part,  in 
the  vicinity  of  the  forest.  The  temperature  around  the  forest  ought, 
therefore,  to  reach  a  somewhat  higher  maximum  on  sunny  summer  dTlys 
than  that  of  the  air  at  some  distance  from  the  forest. 

On  the  other  hand,  the  surface  at  the  stations  near  the  forest  is  ex- 
posed to  nocturnal  radiation  of  heat  to  the  skv  about  as  f reelv  as  is  the 
station  at  a  distance,  and,  as  the  former  is  often  in  the  lee  of  the  forest, 
its  air  is  generally  more  stagnant.  This  promotes  cooling  of  objects  at 
the  surface  of  the  earth,  and  as  the  station  near  the  forest  is  as  much 
exposed  to  celestial  radiation  and  the  relative  stagnancy  of  the  air 
favors  this  cooling,  and  also  favors  the  comniunication  of  it  to  the  ad- 
jacent air,  the  temperature  at  such  stations  should  ofttni  fall  lower  than 
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over  a  plain  distant  from  woodn.  The  foi-ost-field  or  forest-glade  sta- 
tion is,  therefoie.  not  exactly  like  a  station  in  an  open  plain.  It  is 
likely  to  average  a  little  warmer  in  the  day  and  a  little  cooler  at  night, 
giving  it  a  greater  daily  amplitude  not  only  than  that  under  trees,  but 
greater,  too,  than  that  in  open  prairies.  Whether  the  mean  temper- 
ature would  be  different  in  the  forest-field  station  would  depend  on  the 
relative  increase  in  maximum  and  minimum.  If  the  increase  in  the 
former  is  greater,  the  forest-field  station  temperature  would  be  higher 
than  that  of  the  prairie  station;  if  the  minima  exaggeration  is  greater, 
it  would  be  the  opposite. 

The  phenomena  mentioned  above  are  espe<*ially  noteworthy  in  forest 
glades.  The  horizontal  reflection  from  the  foliage  comes  there  from  all 
sides,  and  the  heat  rays  not  absorbed  are  reflected  from  the  opposite 
side,  a  part  to  the  sky,  a  part  to  the  opposite  side,  and  this  reverbci'a- 
tion  of  the  heat  makes  such  places  oppressive!}'  hot  in  the  early  after- 
noon. This  is  well  known  to  the  hunter  and  to  the  pioneer  with  his 
little  clearing  in  the  deep  woods.  Again,  as  the  closed  glade  is  in  the 
lee  for  winds  from  all  directions,  the  air  is  always  somewhat  stagnant 
and  clear  weather  celestial  radiation  must  alwavs  make  a  lower  mini- 
mum  temperature  than  where  there  is  free  circulation  of  air.  The  field 
station,  when  there  is  a  pair,  one  in  the  forest,  the  other  near  by  in 
the  field,  must  always  have  something  of  the  glade  chamcter  in  its 
temperatures,  and  the  data  given  at  this  point  must  be  somewhat  af- 
fected by  it.  The  relations  for  range  of  temi>erature,  as  between  the 
interior  forest  and  its  external  station  should  show  this,  and  the  i-anges 
should  be  somewhat  greater  than  Iwtween  forest  and  plain.  Whether 
there  is  an  exaggeration  of  the  mean  valuas  of  W~  O  can  only  be  told 
by  observation.  Fortunately  the  plan  of  the  Swedish  observations 
included  and  was  rather  devoted  to  this  jmrticular  side  of  the  problem. 
The  stations  were  really  of  four  kinds.  The  first  were  under  wo(xis,  of 
which  there  were  but  three.  The  second  were  the  parallel  field  stations 
for  the  three  forest  stations.  These  were  usually  located  in  an  "  cndreit 
libre"  (opening),  but  the  distance  of  the  forest  in  all  directions  is  given, 
so  that  this  means  a  ''glade"  of  greater  or  less  size.  The  third  class 
were  stations  in  ''  clairierd"  (clearing),  with  the  distance  from  woods  in 
all  directions  (and  not  very  gre^t).  Each  of  these  also  signifies  a 
'^  ghide,"  but  large  and  unlike  the  preceding.  It  has  no  cori-esponding 
forest  station.  The  fourth  class  comprises  stations  in  large  open  places, 
far  from  forests.  These  are  stations  in  the  plain.  This  distribution  of 
stations  affords  the  great  advantage  of  permitting  a  study  of  the  aver- 
age amount  of  change  due  to  the  ''glade "  position  of  a  station  and  thus 
enabling  us  to  pass  from  the  relations  between  parallel  stations  to  those 
between  wooded  and  treeless  districts.  It  has,  however,  the  disad- 
vantage that  the  stations  are  not  strictly  comparable,  as  in  the  ''*  par- 
allel "  system,  and  as  would  be  the  case  in  the  "  mdial "  sj-stem.  This 
difficulty  can  be  in  large  part  overcome  b}^  the  careful  selections  of 
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stations,  and  this  Dr.  Hamberg;,  as  appears  from  his  discussion  of  the 
Swedish  results,  has  endeavored  to  make. 

The  deductions  of  Dr.  Haraherg  have  been  taken  without  change, 
except  in  reducing  the  units  to  the  common  English  ones.  The  air 
observations  were  taken  at  a  height  of  1.8  meters  (5.9  feet).  The  series 
of  observations  discussed  for  temperature  are  usually  from  three  to  five 
yeaiV  dui*ation.     The  mean  annual  results  are  shown  in  Fig.  45.     In 


ANNUAL  AIR  TEMPERATURES. 
Woods  — Glade 

Woods  — Hain.    -    -    -    - 


ANNUAL  SOIL  TEMPERATURES. 
Woods  —  Gladey  at  70  inrhea. 

Woods  -  Hain,      "      " 

Woods  —  Glade,  at  5  feet. 

Woods  — Plain,      "    " 
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Fig.  45. — Differences  of  mean  annnal  (emperature  l>etween  wood.M  and  glades  and  woods  and  plains, 

Swedi.sh  obstTvations. 

the  air  temperatures  the  maxima  are  higher  in  the  woods  as  compared 
with  the  glades  and  as  compared  with  the  plains.  They  are,  therefore, 
erected  above  the  zero  line.  The  maxima  are  reduced  in  both  cases, 
and  they  are  let  fall  below  that  line.  It  appears  at  once  that  the  mean 
range  is  larger  (the  total  line  longer)  for  the  reduction  by  wood  as  com- 
pared with  plain.  If  the  comparison  of  woods  with  glade  be  \V—  G^  and 
wood  with  plain  W—I\  then  the  following  exhibits  the  differences: 

Temperature  differences  in  woods j  glades,  and  plains. 


Maxima 
Minima 
Mean . . . 
Range . . 


W-G. 


Degrees 

-  3.  OG 

fl.M 

-0.76 

1  59 


W-P. 

Degrees 

'3.  24 

+0.99 

-1.13 

4.23 

G-P. 

Degrees. 

-0.18 

-0.54 

-0.36 

0.36 
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The  range  is  exaggerated  in  the  glade  as  compared  with  the  plain  by 
0^.36.  The  minima  are  also  exaggerated  in  the  plain  b}'  0^.54,  but  it 
appears  that  in  this  case  the  maximum  is  reduced. 

The  disappearance  of  this  feature  of  glade  temperatures  is  doubt- 
less due  to  the  large  size  of  some  of  the  glades,  and  also  to  the  high 
latitude  of  the  stations,  giving  a  low  latitude  to  the  meridian  sun. 
The  relatively  large  reduction  of  the  maxima  c^iuses  the  mean  temper- 
ature of  the  glade  to  he  0^.3()  lower  than  that  of  the  plain.  It  appears, 
therefore,  that  the  glade  climate  is  b}'  a  small  (juantity  more  rigorous 
than  the  climate  of  open  plains.  The  forest  tends  in  so  far  to  exag- 
gerate or  sharpen  the  diurnal  changes  of  temperature. 

Fig.  45  also  shows  the  values  of  W—  G  and  W—Piov  soil  tempera- 
tures at  the  depths  of  20  iru^hes  and  of  5  feet.  The  temperatures  are 
slightly  higher  undei*  plains;   6'— 7*  at  both  ends  —  +0^.1. 

Fig.  46  shows  the  monthly  values  of  W-  G,  W-P,  and  G-P.     The 


MINIMA.  _  MEAN.  MAXIMA. 

Ftg.  46.— DifTercnoos  of  air  t<»m]H'ruturc  In  forest,  glade,  and  plain  (Swedish).  "^ 

stations  are  not  neccssarilv  the  same  for  the  three  fi"ures  nor  the  same 
as  for  the  preceding.  The  first  curve  is  of  the  same  chai'acter  as  the 
temperature  figures  in  the  preceding  sections,  and  shows  the  same  gen- 
eral features.  The  cooling  effect  is  much  more  marked  in  the  spring 
than  has  been  the  ca.se  with  any  examined  l)efore.  The  second  shows 
an  exaggeration  of  the  features  of  the  first,  except  for  the  line  of 
minima,  and  thes(^  appear  in  spring  and  suuuner  to  be  much  the  same 
in  forest  and  plain. 
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The  third  figure  enables  us  to  compare  the  differeiuuvs  ))et\veen  glade 
and  plain.  They  are  small,  but  curious.  The  line  for  minima  (dotted 
line)  and  for  maxima  (broken  line)  have  changed  places.  The  maxima 
are  reduced  generally,  though  slightly,  in  glades  as  compared  with 
plain,  but  the  minima  are  exaggerated  by  a  quantity  two  oi*  three  times 
as  large.  The  result  is  that  the  glade  is  cooler  in  mean  tompeniture 
for  three  of  the  seasons,  and  that  its  diurnal  amplitude  is  sharpened 
or  its  climate  made  more  rigorous.  In  winter  the  advantages  are  with 
the  glade,  in  the  other  seasons  against  it. 

To  !)ring  out  more  clearly  the  advant^ige  in  range  iK)ss(\ssed  })v  the 
plain  over  the  glade,  Fig.  47  has  been  constructed.     The  distiince  from 
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Fig.  47. — Amplitude  of  W— G  (loww  curve)  and  W— O  (upper  curve) ,  Swedish  observations. 

the  zero  line  to  the  first  curve  gives  the  rt^duction  of  daily  amplitude 
in  woods  as  (»ompared  with  plains,  to  the  s( cond  of  woods  as  compared 
with  glades.  The  distance  between  the  lines  is  the  difference  in  ampli- 
tude favorable  to  the  plain  as  compared  with  the  glade.  It  d(>(»s  not 
change  sign  during  the  year,  and  glade  and  plain  are  alike  for  only  one 
month,  that  of  July.     Fig.  4S  gives  the  t<Miiperature  valutas  of  ^V  —  (l^ 
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Pio,  48.— Difference  of  soil  temperature  at  20  feet  in  depth. 

(unbroken  line)  and  If^/*  (broken  line)  for  the  soil  at  the  depth  of 
20  inches.  As  is  to  be  expected,  the  tempemture  of  the  glade  soil  is 
intermediate  between  that  of  the  woods  and  that  of  the  plain. 

Dr.  Hamberg  also  studied  the  effect  of  clear  and  cloudv  weather  on 
the  differences  between  glade  and  plain.  The  following  table  gives 
the  mean  values  of  G--P  for  clear  and  cloudv  weather  at  the  three 
houi's  of  daily  observation.  The  clouds  cause  the  temperatures  at  the 
two  stations  to  approach  the  same  degree,  reducing  (J — /*to  zero: 
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Temperature  differencen  in  glade  and  plain. 


Winter., 
Spring  . , 
Summer 
Autumn 
Year 


Clear. 


8  a.m.    ,   2  p.m. 


Cloudy. 


Degree*. 

0 
+0.6 

0 
+0.4 
+0.2 


Degree*. 
+0.9 
+0.2 
0.2 
+0.4 
+0.3 


1    9  p.  m. 

1 

8  a.m. 

2  p.m. 

Degree*. 

Degreet. 

DegreeB. 

-0.5 

-0.2 

0 

-1.4 

+0.4 

0 

-1.8 

+0.2 

-0.2 

-1.3 

+0.4 

0 

-1.3 

+0.2 

0 

D^rees. 

+0.2 

-0.2 

0 

0 

0 


Again,  Dr.  Hamberg  studied  the  relations  of  this  difference  to  the 
direction  of  wind,  and  found  the  effect  to  be  very  slight,  perhaps  not 
appreciable.  The  horizontal  reflection  of  the  rays  of  heat  from  the 
foliage  could  cause  an  area  of  greater  maxima  and  the  shelter  from  the 
winds  an  area  of  lower  maxima  about  a  forest.  The  two  together 
would  cause  an  area  of  greater  amplitudes  or  more  rigorous  climate, 
and  this  has  been  directly  observed  by  La  Cour  in  Denmark.  Obser- 
Viitions  were  taken  at  a  series  of  stations  at  different  distances  from 
the  margin  of  the  forast,  but  at  elevations  above  the  sea,  varying  by 
onlv  10  or  12  feet.  The  result  of  twentv-four  davs'  observation  in  the 
summer  of  18^)7  in  Jutland  are  given  in  the  following  table,  where  the 
corrections  for  differences  of  elevation  are  alreadv  made.  The  ther- 
mometers  were  arranged  on  a  line  from  a  northern  to  a  southern  forest: 


station. 


200  feet  within  northern  forest 

At  its  marg^in 

200  feet  from  margin 

400  feet  from  margin 

200  feet  from  south  forest 

At  its  marKin 

200  feet  within  it 


Mean 

Daily 

tempera- 

ampli- 
tuae. 

ture. 

Degrees. 

Degrees. 

56.8 

9.2 

57.2 

9.9 

58.8- 

13.3 

68.1 

12.6 

58.3 

13.8 

57.7 

12.4 

57.2 

11.0 

—         .  , 

It  appears  that  the  least  amplitudes  are  in  the  forest  and  the  great- 
est at  .something  over  200  feet,  not  less  than  400  feet,  outside.  In  this 
case  the  highest  temperatures  are  at  the  same  distance.  A  correspond- 
ing series  of  obseivations  were  taken  on  the  island  of  Zealand  and  a 
similar  area  of  highest  amplitudes  was  found. 

CONCLUSIONS    REGARDING    TEMPERATURES    WITHIN    AND    WITHOUT 

FORESTS. 

This  completes  the  review  of  the  direct  comparative  observations  of 
temperatures  in  woods  and  without.  While  the  obsei-vations  show, 
like  all  other  meteorological  phenomena,  very  great  variations  due  to 
soil,  topography,  latitude,  and  many  other  agencies,  they  permit  us  to 
draw  a  series  of  conclusions  which  may  be  considered  as  definitely 
established  in  their  genenil  features.     Thev  are — 
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(1)  There  is  one  season  only  of  marked  forest  action  and  that  is  the 
warm  season.     The  action  is  most  marked  in  the  early  summer  months. 

(2)  In  the  forest  during  this  season  the  maxima  of  temperatures  are 
lowered,  the  minima  are  raised,  the  mean  is  lowered  by  a  degree  or  two, 
and  the  daily  itmge  is  reduced  by  several  degrees.  This  action  decreases 
slowly  up  to  the  level  of  the  foliage,  then  rapidly,  disappearing  at  a 
score  or  two  of  feet  above  the  foliage. 

(3)  The  forest  litter  plays  an  important  \ysLVt  in  preserving  the  tem- 
perature of  the  forest  soil. 

(4)  The  vertical  tempei*ature  gradient  through  the  forest  is  reversed; 
it  is  greatest  at  the  level  of  the  foliage,  decreasing  slowly  downwards 
but  rapidly  upwards. 

(5)  The  diurnal  amplitude  increases  from  the  margin  of  the  forest 
outw^ard»N  to  a  distance  of  a  score  or  so  of  rods,  wheiv  it  rcjiches  a  maxi- 
mum. The  amplitude  is  also  greater  in  glades.  Hence  the  exiremes 
of  temperature  are  exaggerated  just  outside  the  forest. 

-    (6)  As  a  result  of  the  discussion  of  tree  temperatui'es  and  the  organic 
sources  of  warming  and  cooling  in  the  plant,  it  ma}'  be  added  that— 

(7)  The  changes  of  heat  due  to  organic  processes  are  not  sensil)le  ex- 
cept, possibly,  the  cooling  due  to  transpiration.  The  heat  used  in  this 
process  is  an  appreciable  fraction  of  the  heiit  from  the  sun's  rays  and 
the  cooling  due  to  it  may  lower  to  the  point  of  frost  a  temperature 
already  falling  from  general  meteorological  causes. 

TEMPERATITRKS    IN    W<>OI)KT>    AXD    TRKKLKS8    TKRRl- 

TORIK8. 

in  passing  to  the  subject  of  tcmiperatures  and  forests  in  its  broader 
aspect,  namely,  in  so  far  as  it  relates  to  differences  in  wooded  and  tree- 
less territories  that  are  situated  widely  apart,  the  strict  comparability 
of  the  stations  is  lost.  The  stations  to  be  compared  are  distant  from 
each  other  at  different  elevations  above  sea  level,  in  different  latitudes, 
and,  possibly,  members  of  different  meteorological  services,  with  all  the 
differences  in  instruments  and  methods  which  that  implies.  These  dif- 
ferences in  the  stations  can  not  be  so  perfectly  neutralized  by  applying 
corrections  to  the  observations  as  entirely  to  satisfy  the  critical  reader, 
because  the  corrections  are  themselves  uncertain  and  thev  often  sur- 
pijuss  in  quantity  (for  instance,  the  corrections  for  altitude)  the  amount 
of  change  which  forest  might  be  expected  to  make.  Besides,  it  is  r)f ten 
impossible  to  say  when  a  difference  is  found  that  this  is  due  to  the  forests. 
It  may  be  due  to  other  causes,  for  instance,  the  coolness  of  evaporation 
in  regions  of  heavy  rainfall,  and  the  existence  of  the  forest  may  be  due 
to  the  very  difference  found.  These  difficulties  may  be  evaded  more  or 
less  completely  in  certain  definite  cases,  and  it  is  the  published  cases 
of  this  sort  which  will  now  be  given.  The  case  of  Vienna  and  its  sur- 
roundings, discussed  by  Dr.  Hann,  is  one  of  the  most  satisfactory.     It 
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is  the  case  of  the  temperatures  in  open  fields  about  Vienna  and  in  the 
Vienna  forest.  The  elevations  vary  by  less  than  200  feet  and  the  ob- 
servations are  corrected  for  the  variation.  The  mean  temperatures 
about  Vienna  are  obtained  from  four  stations. 


stations  near  Vienna. 


HolieWarte 

Ncue  Sternwarto 

Modling 

Perchtoldador/ . . 


LaU- 
tude. 

Eleva- 
tion. 

Janu- 
ary. 

o 

April. 

July. 



o 

Octo- 
ber. 

o 

Year. 

o 

48+ 

Feet. 

° 

15' 

663 

29.5 

49.3 

67.8 

50.2 

48.7 

13' .9 

847 

29.3 

49.1 

67.6 

50.2 

48. 6 

5' 

787 

30 

49.6 

68.4 

50.7 

49.3 

r 

863 

29.8 

49.3 

68.9 

50.7 

49.3 

The  best  forest  station  for  the  comparison  is  Hadersdorf ,  18  miles 
southwest  of  the  Hohe  Warte,  and  its  altitude  differs  from  this  by  92 
feet.  If  the  second  or  cooler  pair  of  stations  in  open  country  near 
Vienna  be  represented  by  ^4,  the  first  or  cooler  by  /?,  and  the  observa- 
tions at  Hadersdorf  by  6\  the  comparison  stands  as  in  the  following 
table: 


Uititude. 

o         / 

48      6 
48     14.5 
48    13 

January. 

April. 

Ju 

A 

o 

29.9 
29.4 

28.6 
-  0.8 

o 

49.4. 
49.2 
47.7 
-  1.5 

B 

c 

C-B 

68, 

67, 

65 

2 


Ooto- 
ber. 

o 

50.7 

50.2 

48.7 

1.5 

Year. 


I 


49.3 

48.6 

47.1 

1.5 


This  table  shows  that  there  is  an  appreciable  cooling  in  the  Vienna 
forest  and  that  this  is  greatest  in  summer  and  least  in  winter.  The 
forest  consists  of  beech  trees  onlv. 

A  detailed  comparison  also  brings  out  a  curious  fact.  The  temjx?m- 
ture  in  the  forest  region  is  nearer  that  in  the  open  region  at  the  2  p.  m. 
obsei^ations  than  for  that  at  the  9  p.  m.  observations.  The  monthly 
means  for  the  years  1875-1884  give  the  Hadersdorf  tempemture  as  0^.2 
higher  to  0  \7  lower  than  the  Hohe  Warte  temperature  at  9  p.  m.,  1.1 
lower  to  4'^.5  lower,  the  difference  l)eing  greatest  in  the  summer  months. 
The  7  a.  m.  observations  are  intermediate,  varying  from  1^.1  to  2\2 
lower  at  Hadersdorf.  The  explanation  of  this  is  probably  to  be  found 
in  the  fa(*t  that  the  station  at  Hadersdorf  is,  in  some  sort,  a  glade 
station.  The  thermometer  is  not  under  trees,  but  is  on  the  north  side 
of  a  building  under  the  usual  Austrian  shelter.  As  already  pointed  out, 
the  glade  has  a  gi'eater  mnge  than  the  open  field,  and  its  maxima  and 
minima  must  fall  at  about  the  same  hour  of  the  day.  If  the  2  p.  m. 
observations  were  deferred  an  hour  or  two,  the  temperatures  at  Hadei*s- 
dorf  would  probably  be  higher  than  at  Hohe  Warte. 

The  stations  in  forest  regions  used  in  makmg  these  general  compar- 
isons are  not  likeh'  to  be  under  trees.  They  are  the  ordinary  meteoro- 
logical stations,  and  while  in  wooded  territories,  they  could  not  prop- 
erly be  established  under  the  shelter  of  the  compact  foliage  of  a  forest. 
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They  are  generally  in  larger  or  smaller  open  plaiHis,  generally  on  the 
north  side  of  the  building.  They  are,  therefore,  often  of  the  nature  of 
"glade"  stations.  While  they  will  not  show  the  relation  between  the 
interior  air  of  forests  and  the  surface  air  of  prairies,  they  will  bear  on 
the  practically  more  interesting  question  of  the  differences  between 
these  spots  of  a  wooded  region  which  are  occupied  by  man  and  the 
pniirie  or  plain,  or  the  treeless  region.  The  results,  however,  will 
differ  .somewhat  from  those  obtained  })y  a  system  of  parallel  stations. 
The  meteorologist  who  has  published  the  most  ela})omte  study  of 
this  .subject  is  Dr.  Woeikoff,  who  hjis  devoted  a  chapter  to  it  in  his 
book  on  the  climates  of  the  earth.  A  striking  case  given  by  him  in 
some  detail  is  that  of  northern  India.  April  to  July  are  here  the  hot 
months.  From  July  on  the  heat  is  tempered  by  abundant  rains.  The 
tempei-atufes  are  compared,  for  the  hot  months,  over  a  territory  that 
includes  the  three  different  characters  of  treeless,  transition,  and 
wooded.  In  the  first  the  vegetation  is  already  burnt  up  b\'  March, 
except  for  small  stretches  where  irrigjition  is  practiced.  The  third  is 
the  great  forest  region  of  the  middle  course  of  the  Brahmaputra  and  its 
southern  tributaries,  where  the  surface  is  covered  with  the  densest  for- 
ests, and  the  openings  are  little  else  than  islands  in  the  sea  of  forest. 
The  ti-ansition  region  lies  over  the  delta  of  the  Ganges  and  northward 
and  has  no  extended  forests,  but  groves  and  scattered  trees  and  abun- 
dance of  bamboos.  The  table  which  follows  is  Dr.  Woeikoff's,  except 
that  for  the  most  of  the  stations  the  temperatures  have  been  taken 
from  a  later  publi(»ation,  that  of  Mr.  Blan ford's  ''Climates  of  India." 


StaiiuTi. 


Name. 


open  territory. 

A|rm 

Lut'kiiow 

Allahabad 

Patna 

Burhanpur 

Intermediate  territory 

aangod  

Durbunga 

Pumeah 

Forest  territory. 

Sllchar 

Goalpara 

Sibsagar 


Lat. 


Dis- 

^*^-      from   l^'"*^- 
sea. 


27 

27 

25.5 

25.5 

24 


21.5 

26 

26 


25 
26 
27 


Fed. 
555 
369 
307 
183 
66 


26 
116 
125 


1(M 
I    384 
383 


MilcK 
(579 
5:tt 
132 

3o;j 

161 


0 
337 

283 


131 
249 
364 


Mean  leniix»raliiri' 

i 

Apr.  j  May.  June. 


Mean  irmxinia. 


79 

7S  ' 
78  ■ 
78 
78 


79 
77  I 
77 


76 
76 
73 


o 

8»< 
87 
8S 
87 
8t 


82 

84 
81  , 


78 
78 
74 


91 
92 
92 

89 

S5 


H.') 


80 

78 
78 


Apr. 
July.  .Dec.  '  Year.  |    and 

May. 


95 
92 
91 

88 
84 


8t 

85 
84 


82  ' 

80 

83 


87 

62 

116 

106 

8(j 

61 

114 

104 

85 

61 

IK) 

10(3 

85 

62 

110 

101 

K\ 

6(> 

1 

109 

101 

K\ 

(57  . 
63 

81 

10/;  i 

96 

8-1 

6:j 

105 

98 

82 
81 

84 


66 

99  1 

87 

(Vi 

. 

61 

99  , 

86 

The  fall  of  the  temperatures  in  the  hot  months  as  the  forest  is  reached 
is  very  noticeable,  and  it  is  still  more  so  in  the  reduction  of  the  maxima. 
The  cooling  in  the  forest  region  even  appears  to  surpass  that  due  to 
proximity  to  the  sea.  It  is  true  that  this  difference  in  temperature 
may  be  in  part  due,  as  has  been  claimed,  to  other  causes.     The  tem- 
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perature  in  latitmdes  20^  to  30^  N.  seems  to  fall  slowly  from  Western 
India  to  China  and  Tonquin,  but  Dr.  Woeikoff  finds  that  it  rises  in  the 
east,  in  the  hot  season,  whei'e  there  are  extensive  treeless  regions,  and 
instances  Hanoi,  in  21^  N.,  where  the  annual  temperature  is  75^.6,  May 
83^.8,  June  88^.2,  July  86^.9. 

Dr.  Woeikoff  also  gives  series  of  temperatures  near  parellels  of  lati- 
tudes across  Europe  and  into  Asia.  A  coiTection  of  0^.9  is  made  for 
each  degree  of  latitude,  and  of  1^.3  for  each  100  meters  of  elevation. 
All  temperatures  are  reduced  to  a  uniform  elevation  of  200  metei'S  (G56 
feet).     The  order  is  always  from  west  to  east. 

Afean  lempercUnres  for  July  im  the  parallel  of  52^  N. 

Degrrees.  Dcgrrees. 

Valeutia 57.6  Orel  and  Kursk 67.6 

Leipsic 62.6  Peljjinki 65.7 

Warsaw 64.  7  Orenburg 69. 1 

Tschemigow 65. 1  Akmollinpk 70 

The  moun  temperature  is  lowest  on  the  Atlantic  coast.  It  rises  up  to 
Poland  ])y  seven  degrees,  then  remains  steady  over  the  forests  of  the 
Bug  and  Dnciper,  then  rises  over  the  black-earth  region  of  Central 
Russia  with  extensive  cultivation  (Orel  and  Kursk),  falls  again  in  the 
forests  over  the  sources  of  the  Sura  (Poljanki),  to  become  again  higher 
over  the  Kirghiz  steppes. 

My  mean  trniperature  along  50^  N. 

Deg^rees.  "  Denfreea. 

Guernsey 59. 5  Troppau 68 

Brusfiels 62. 6  Arvavarallja  (Carpathians) 64. 2 

Wiirzburg 68  Lirow  (Lemberg) 65. 5 

Proinenhof  (N.  W.  Bohemia) 64.4  Kieft 6(5.2 

Prague 68  Charkow 68.4 

HochwaUl 63.9  Semipalatinsk 72.7 

The  temperature  increjises  rapidly  to  the  Main  vall(»v%  then  rises  and 
falls  over  the  forests  of  Bohemia  and  the  Carpathians,  l)ecoming  hardly 
higher  at  Charkow,  where  there  remains  some  forest,'than  at  Wiirz- 
burg.    Eastward  from  here  it  rises  rapidly. 

J%dy  mean  temperatures  along  4S°  N. 

Decrees.  Degrees. 

Brest 62.2  Bistnitz  (Transylvania) 68 

Versailles 65. 5  Czernowitz 68.  9 

Carlsruhe 66.  6  Ekatorinoslaff 71 . 6 

Vienna 67.  8  Lupau 72. 5 

Debreczin  ( H ungary ) 70.  7  Irgiw  ( steppes)  75. 6 

Rosenau  ( Hungary) 68. 9 

Here  the  rise  is  about  eight  degrees  from  the  Atlantic  to  the  prairies 
of  Hungary  (Debreczin).  It  is  cooler  in  Eastern  Hungar}^  and  in 
Tran.sylvania,  where  there  is  yet  much  f(>i<\st.     Czernowitz  is  near  the 
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South  Russia  steppes,  but  it  escapees  their  wanning  influence  by  the 
I   beech  foi'ests  around  it.     This  is  the  eastern  limit  of  the  beeches. 

Jxdy  mean  (emjKrafureK  on  40'°  N. 

Degrees.  Degrees. 
La  Rochelle 66.  7  Oravicza  Mountain?,  Southeast  Hun- 
Milan 62.9         gary 67.6 

Trieste 72.  7     Pojana  Ru^ka  (  Hunjrary ) 67. 8 

Agrau 71.1      Odessa 71.2 

Szege<lin  (Hungarian  prairies) 71. 6     C-hersson 72. 5 

Ara<l  ( Hungarian  prairies) 73         .\strakan 75. 6 

Raimsk  and  Kasalinsk 76. 1 

The  high  temperature  of  Trieste  agrees  well  with  its  bare  and  burnt 
surroundings.  In  Croatia,  far  from  the  sea  and  where  there  are  woods 
in  the  plain,  it  is  cooler,  warmer  again  in  the  Hungarian  pmiries,  but 
5*^  or  6^  cooler  in  southern  Hungary  and  Banat,  where  the  vegetation  is 
luxuriant. 

July  mean  temperatures  along  4^  N. 

Degrees.  Degrei»H. 

Oporto 67.6  Poti 70.9 

Rome 75.2  Tiflis 78.8 

Ragusa 74.5  KutaiH 73 

Poti  is  in  the  midst  of  the  swamps  and  forests  of  Mingrelia  and  its 
temperature  is  4^  lower  than  in  the  Dalmatian  towns  on  the  Adriatic. 
Even  Kutais  is  cooler  than  Kjigusa,  though  the  former  lies  far  in  the 
interior  and  the  forests  have  been  cut  freely  in  its  vicinity. 

July  mean  lemjterature*  along  SS°  N. 

Degrees.  Degrees. 

Lisbon 70. 5  iSniyrna 77. 9 

CaniiK)  Major  .  > 76.3  Ivcnkorau 74.7 

Palermo : 76.  5  Krasnoodsk 82 

Athena 76.2 

The  low  tei  iperature  of  Lenkoran  is  especially  noteworthy  because  it 
is  deep  in  the  interior  of  a  continent  and  the  cloudiness  and  rainfall 
are  light.  Yet  in  the  vicinity  are  extended  forests  with  luxuriant 
vegetation.  It  is  on  the  Black  Sea,  while  Poti  is  on  the  Caspian.  Near 
both  are  extensive  forests.  If  the » J  uly  temperature  is  reduced  to  42^  N. 
but  not  corrected  for  elevation,  it  proves  to  be  73  .6,  only  O^A  higher 
than  that  of  Poti. 

Dr.  Woeikoff  also  calls  attention  to  the  remarkable  relations  of 
Bosnia,  Herzegovina,  and  Dalmatia,  along  latitude  44  ^  N.  The  tem- 
peratures are  here  the  annual  means. 

Degrees.  Degrees. 

Banjatella,  Bosnia 70. 3  Klissa,  Herzegovina 74. 8 

Dolnja  Tusla,  Bosnia 68. 2  Mostar,  Herzegovina 76. 1 

Trawnik,  Bosnia 70.  3  Knin,  Dalmatia 73. 6 

Serajewo,  Bosnia 69. 3  Lissa,  Dalmatia 72. 3 
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Here  it  appears  that  the  densely  wooded  Bosnia  is  6^  or  6^  cooler  than 
rock}^  nearly  treeless  Herzeg^ovina,  and  even  cooler  by  iiP  or  more  than 
the  small  island  of  Lissa,  which  is  exposed  to  the  full  influence  of  the 
Adriatic. 

All  this  goes  to  show  that  in  the  western  part  of  tl^e  Old  World  the 
presence  of  large  forests  has  a  very  sensible  influence  on  the  tempera- 
ture, so  inuch  so  that  the  gradual  rise  of  temperature  from  west  to  east 
is  almost  invariably  broken  by  it. 

Comparisons  similar  to  those  of  Dr.  Woeikoff  can  be  made  along 
parallels  in  the  United  States  with  results  similar  in  character,  but  not 
so  striking  in  quantity. 

The  writer  has  made  this  comparison  for  the  parallels  which  follow. 
The  data  are  taken  from  the  annual  reports  of  the  Chief  Signal  OflScer.  * 
They  are  reduced  to  a  common  elevation  of  1,000  feet  above  sea  level. 
No  reduction  is  made  for  latitude,  but  the  stations  used  are  selected  not 
far  to  the  north  or  south  of  the  chosen  latitude. 

Temperatures  along  parallel  S8^  N. 


Lynchburir . . 
LcniiNvillo  ... 

Cairo 

St.  L<juLs 

Lenven  worth 
Doilge  City . . 
\a\»  ADimoH  . 


Lati- 

Alti- 

Annual 
mean 

June  temperatures. 

tude  N. 

tude. 

temper- 

aturu. 

Mean. 

o 

Max.       Min. 

1 

o 

Fed. 

o 

o 

o 

37 

052 

57 

73            82 

61 

38 

5ol 

5(5 

72  '          82 

64 

37 

359  '          W 

71 

81 

66 

39 

571           r>4 

72 

82            64 

39 

842 

63 

73 

83 

63 

88 

2.517 

.•)6 

79 

91 

67 

:i8 

3, 899 

58 

80 

96 

66 

December  temperaturon. 


Mean.     Max.   1    Min. 


47 
45 
44 
42 
40 
47 
52 


90 
SO 
29 
27 
24 
26 
24 


Leavenworth  lies  near  the  margin  of  the  wooded  and  treeless  district, 
but  in  no  case  are  the  woods  heav}^  and  unbroken.  The  mean  tem- 
pei-atures  show  no  unmistakable  effect  of  the  woods,  but  there  is  an 
evident  difference  in  the  December  temperatures,  and  a  still  more 
marked  difference  in  those  of  June.  The  difference  is  most  marked  in 
the  extremes,  as  was  to  be  expected.  This. is  most  clearly  shown  in 
the  mean  amplitudes  obtained  by  taking  the  mininmm  from  the  maxi- 
nmm.  The  amplitudes  for  December  at  sttitions  in  the  order  given  in 
the  above  table  are  17",  15,  15  %  15  ^  |  16^,  |  21  %  28^.  The  change  at 
the  edge  of  the  phiins  is  very  noticc^able.  For  June  the  amplitudes  are 
18  ,  18-,  15-,  18 ^  I  20  ;  I  24 ',  80  ,  with  the  same  change  as  before. 

This  comparison  is  not  entirely  convincing  of  the  effects  of  forests, 
because  with  the  change  of  condition  as  to  trees  there  is  a  large  change 
of  elevation,  so  large  that  the  correction  for  it  surpasses  by  far  the  dif- 
ference which  may  be  expected  from  the  action  of  forests.  This 
difficulty  can  not  be  entirely  overcome  in  the  American  stations,  for  the 
plains  form  an  interior  table-land,  but  individual  pairs  of  stations  can 


*188o,  pp.  82-84,  and  188(5,  pp.  408-411. 
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be  selected,  otherwise  suitable  and  where  the  differences  of  elevation 
are  less  marked.  Such  are  given  in  the  accompanying  table.  One 
station  is  in  the  wooded  district,  the  other  in  the  plains,  and  they  have 
been  selected  with  reference  to  being  in  the  same  latitude,  to  being  as 
D^ir  the  margin  as  possible,  and  to  having  at  the  same  time  only  mod- 
crate  differences  of  elevation. 

Meim  temperature  for  Maiioris  in  jmirs. 


Little  Rock 

Fort  Sill.... 

Port  Smith 

Fort  Elliott 

Dttvenport 

North  Platte 

Moorhead  

Binnarck 

St.  Vincent 

Fort  Aaslimiboine 


Lat.N. 


34.7 
34.7 
85.4 
35.5 
41.5 
41.1 
46.9 
46.8 
48.9 
48.5 


Annual 

June 

temperatures. 

December  temperatures. 

Alti- 

mean 

- 

-  — 

— -  -  -- 

— . 

tude. 



Fsd. 

temper- 
ature. 

o 

Mean. 

o 

Max. 

o 

Min. 

Mean. 

o 

Max. 

Min. 

o 

o 

o 

288 

60.0 

75.3 

86.7 

67.4 

43.4 

50.9 

35. 2 

1,200 

60.8 

79.1 

90.5 

67.8 

38.2 

53.1 

87.1 

451 

57.7 

75.0 

87.5 

65.7 

39.2 

50.8 

30.6 

2,650 

60.7 

82.1 

92.8 

67.7 

38.1 

52.7 

28.3 

615 

49.1 

68.4 

76.6 

58.9 

26.9 

34.9 

19.3 

.    2,841 

53.3 

7.5.6 

87.6 

64.9 

28.1 

42.9 

20.8 

1        926 

36.4 

64.5 

75.6 

52.2 

9.5 

20.1 

0.4 

1.694 

41.2 

67.9 

78.6 

55.6 

11.9 

26.6 

6,7 

8(M 

32.6 

61.4 

73.1 

48.8 

4.0 

14.7 

5.8 

2,T20 

45.8 

69.9 

82.5 

58.4 

21.5 

32.8 

14.1 

The  mean  annual  temperatures  are  persistently  lower  at  that  station 
of  the  pair  which  is  situated  in  the  wooded  district.  The  same  is  true 
of  the  mean  June  temperature,  while  it  is  reversed  for  the  December 
one.  The  maxima  are  lower  at  the  stations  in  the  wooded  area  and 
also,  generally,  the  minima.  The  mean  monthly  amplitudes  for  each 
I>air  for  June  are  18^^3  to  22^.7,  21^.8  to  24^.0,  IT-.T  to  22^.7,  23'^.4to 
23'-.(),  24. 3  to  24^.1;  for  December  they  are  15^.7  to  16^.0,  20^.2  to 
24  .4, 15^.6  to  22^.1, 19^.7  to  19^.9, 20^.5  to  18^.7.  They  are  generally 
larger  at  the  station  on  the  plains — always  so  at  the  lower  latitudes. 

It  appears,  therefore,  that  wooded  districts  have  an  advantage  in 
temperatures  over  treeless  areas.  The  forests  lower  the  mean  tempera- 
ture slightly  and  also  cut  down  the  range. 

There  has  been  much  discussion  over  evidence  of  change  of  tt^mpera- 
tui-e  at  individual  stations,  or  over  more  extensive  areas,  which  might 
accompany'  changes  in  the  quantity  or  distribution  of  the  forests.  The 
general  opinion  is  that  the  data  are  not  sufficient  to  give  satisfactory 
conclusions.  To  be  sure  of  a  change,  one  must  be  sure  of  a  definite 
and  marked  change  in  the  amount  of  forests  and  must  also  be  sure  of 
the  temperatures  before  and  after  the  change.  The  first  requirement 
is  not  without  its  difficulties,  and  the  second  is  usually  impossible. 
The  early  observations,  if  any  were  taken,  are  always  defective  in 
methods,  instruments,  and  the  care  given  to  them.  A  variation  in 
the  exposure  of  the  thermometer  alone  might  cause  a  greater  difference 
of  mean  temperature  than  we  would  expect  to  find  between  forests  and 
prairies. 
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RELATION  OF  EVAPORATION  TO  FORESTS. 

The  amount  of  evaporation  de)>endd  especially  on  the  temperature, 
the  wind,  and  the  amount  of  vaporalready  presentin  theair.  The  first 
two  are  niuch  changed  by  the  presence  of  the  forest,  and  it  is  to  be 
expected  that  the  evaporation  in  and  about  woods  would  show  some 
pcotiliarities.  The  evaporation  varies  very  much  also  with  the  char- 
acter of  the  surface  from  which  it  proceeds.  Some  surface  must,  there- 
fore, be  taken  as  a  standard  for  evaporations,  and  the  measurements  be 
made  with  reference  to  this.  There  is  considerable  variation  in  the 
standard  surfm-e  selected,  but  in  the  German  sci-vice  it  is  that  of  water. 
The  reductions  have  been  made,  in  this  section,  to  terms  of  evapora- 
tion from  a  water  surfa<'e.  At  tlie  same  time,  since  the  evaporation 
is  chiefly  of  nict<'<»rolopic»il  interest  because  of  its  relations  to  precipi- 
tation, the  amount  of  the  tatter  is  also  included  in  the  comparisons. 
The  oltservations  wore  carried  on  in  the  open  fields  and  in  the  forest- 
The  instrument  employed  is  des<rrilicd  on  page  31^ 

Fig.  49  exhibite  the  comparison  of  the  annual  evaporation  in  fields 


{K  (f)  and  wtKxis  {K  11')  with  the  precipitiition.  It  wilt  he  noted  that 
the  evapomtion  under  trees  is  alwut  one-half  of  that  in  open  fields. 
The  precipitation  is  that  of  the  open  fields  and,  for  the  German  stations 
and  yeai-s  reiiu<-ed  (the  ten  years,  1879  to  1S.SS),  its  annual  value  was 
3+.3  inches  (H71  mm.).  The  ovTiporation  in  the  fields  for  the  same  sta- 
tions and  time  was  12."  inches  (322.5  mm.)  annually,  and  that  in  the 
woods,  5.4  inches  (137  mm.).  The  corresponding  percentages  of  evap- 
oration were  37  and  It),  showing  a  saving  of  21  percent,  of  theprecipi- 
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tatioii  by  the  woods.  Fig.  50  exhibits  the  distribution  of  the  evapo- 
ration for  the  yeai'.  The  upper  line  repreisents  the  progress  for  the 
water  sui'fncc  in  the  open  air,  the  lower  that  for  the  same  in  the  wood.s. 
The  shaded  space  indicates  the  saving,  in  inches,  of  a  sheet  of  water 


I     I 

SPRING. 


SUMMER. 


Fie.  50.— Monthly  evaponillon  lu  the  fltlds  (upper  curve)  aud  woods  (lower  curve), 
which  is  affected  hy  the  cover  of  the  forest  in  lessoning  evapomtion. 
The  evaporation  and  its  saving  by  the  woods  are  both  greatest  in  May 
And  Jnnoand  they  decrease  symmetrically  on  each  side  of  these  months. 
The  amount  in  the  winter  months  is  very  small,  and  it  is,  moreover, 
somewhat  uncei"tain,  as  it  is  ditficnlt  to  make  the  observations  at  that 


season.  The  annual  evaportition  in  the  wood.s  is  H  per  cent  of  that  in 
the  tields.  Fig.  51  represents  the  pt'rcentage  for  the  dlHereiit  months 
of  the  year.  The  upper  straight  line  stands  for  lOi)  per  cent,  or  the 
evai>oration  in  the  tields  during  the  year,  and  the  curve  below  repre- 
sents the  jKsrcentage  iu  the  wotxls.     Th(»  shaded  space  is  the  peircntjige 


Fig.  52.— Ratio  of  tvapomHoH  from  wmiT  siirdict  iii  Ik'lil  (ii|i|ier  curve)  aiiii  lurust  (loH'tr  uurve)  lo 

of  field  evaporation  which  is  saved  by  the  forest.  This  covers  a  full 
half  of  the  digram,  with  some  addition  to  this  from  May  to  Noveml>er. 
It  is  also  interesting  to  compare  the  evajwration  from  a  water  surface 
with  the  precipitation  from  month  to  month.  This  is  done  in  Fig.  52. 
25662— No.  7— Ilii 7 
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The  upper  straight  line  represents  precipitation,  while  the  upper  curve 
represents  evaporation  in  the  fields,  the  lower  that  in  the  forest.  Pre- 
vious diagrams  showed  that  the  amount  of  evaporation  increased  rap- 
idly up  to  May  and  June;  this  one  shows  that  the  percentage  of  rain 
evaporated  increases  even  more  rapidly  and  reaches  its  maximum  in 
April,  a  month  earlier.  From  this  point  it  descends  more  slowly  to  the 
winter  months,  when  the  minimum  is  reached.  Almost  the  same  course 
is  taken  by  the  evaporation  within  woods.  The  hatched  spaces  below 
represent  the  percentage  of  precipitiition  evaporated  within  wx>ods  and 
without,  the  cross-hatched  part  that  saved  })y  the  w^oods  or  evaporated 
in  open  fields  in  excess  of  that  evaporated  in  woods.  The  saving  is 
greatest  at  the  time  when  the  evaporation  could  dispose  of  the  largest 
percentage  of  precipitiition,  namely,  in  spring  and  summer. 

It  is  interesting  to  see  whether  the  evaporation  phenomena  present 
anv  diflerence  w^th  different  kinds  of  trees  or  with  trees  of  diflferent 
ages.  Figs.  49/>  and  c  exhibit  the  annual  quantity"  of  precipitation 
and  evaporation  for  stations  under  and  outside  of  deciduous  and  ever- 
green trees  respectively.     It  will  be  noticed  that  the  saving  of  evaix)- 
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YOUNG  TREES. 


Fig.  53.— Pert-en tago  of  evaporation  in  woods  to  that  in  the  open  air. 

ration  under  trees  is  more  marked  for  deciduous  trees.  The  percent- 
age of  evaporation  in  forests  to  that  outside  is  41  for  de<*iduous  trees  and 
45  for  evergreens.  Fig  49rf  gives  the  same  data  for  young  trees.  It 
will  be  noticed  that  the  percentages  are  here  entirely  changed.  The 
evaporation  in  fields  approaches  the  quantity  of  precipitation  (which  is 
here  small),  while  the  evaporation  under  trees  hugs  closely  that  in  the 
open.  The  evaporation  in  the  open  is  here  73  per  cent  of  the  minfall 
while  that  under  trees  is  5S  per  cent,  which  is  80  per  cent  of  the  former. 

Fig.  58  gives  the  percentages  of  evaporation  in  woods  compared  to 
that  outside  for  the  various  months.  That  for  deciduous  trees  (the 
dotted  line)  varies  more  during  the  months  and  sums  up  slightly  less 
for  the  year.  The  effect  of  the  leafless  condition  in  early  spring  is 
faintly  visible; 

The  unbroken  line  represents  the  percentages  for  young  trees.  It  is 
very  uneven  (on  account  of  the  series  of  observations,  only  seven  years), 
but  it  runs  much  higher  and  occasional  I  \'  the  evaporation  under  the 
trees  is  greater  than  that  outside. 
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Dr.  Ebermaver's  series  of  observations  included  more  elaboi*ate  ones 
on  evapoi'ation  than  those  of  the  German  service.  In  addition  to  the 
evapoi'ation  from  a  water  surface  he  also  measured  that  from  bare  soil 
outside  the  forest  and  within,  and  that  from  soil  in  the  forest  which 
was  covered  bv  forest  litter.  The  latter  observations  were  made  onlv 
in  the  months  from  April  to  October.  His  instruments  were  first  a 
simple  one,  somewhat  like  that  of  the  German  service  already  described, 
and  then  the  evaporometer  of  Lamont.  The  evaporation  from  earth, 
either  naked  or  covered  with  litter,  was  measured  by  an  apparatus 
which  worked  on  the  principle  of  the  student  lamp  and  kept  the  earth 
alwins  saturated.  The  vessel  containing  the  earth  is  of  zinc.  The 
in.struments  are  protected  from  the  sun,  rain,  and  snow,  but  the  air  is 
given  free  access  to  them.  The  following  table  gives  the  percentages 
which  are  derived  from  his  results,  with  some  corresponding  ones  from 
the  German  stations  to  permit  comparison.  The  evaporation  from  a 
water  surface  is  the  mean  for  six  stations  for  three  years ;  the  other  evapo- 
ration percentages  are  for  two,  with  the  exception  of  two  months.  The 
precipitation  is  for  one  year.  The  percentages  are  always  made  from  the 
avei"ages  for  corresponding  years.  The  data  from  the  German  observa- 
tions are  for  ten  vears. 

Evaporation  in  vrjoas  vi  j)er  cent  of  evaporation  in  the  open. 


Dr.  Ebermayer's  results. 


Water  surface. 


Bare  soil. 


ISoil  un-: 

der  for-i  i 


Open.    Woods,    Open.    Woods,  within  [ 
I'll  forest. 


German  observations. 
Water  surface.  I 


Rain- 
fall. 


April 

May 

June 

July 

Au^st 

September 

October 

May-September . . . 


1 
1 
1 
1 
1 
1 
1 


.4o 

.43 

.3t)  ■ 

.35 

.34 

.33 

.41 


1.15 

.91 

1.07 

.S9 
.«7 
.92 
20 


1 


.37 
.38 
.34 
.36 
.39 
.44 


,27 
.16 
.14 
.12 
.11 
.11 
.18 


Rain- 

fall. 

Open. 

Woods. 

1  76 

1 

.51 

.68 

1 

.47 

1.46 

1 

.41 

1.02 

1 

.38 

1.00 

1 

.86 

.59 

1 

.35 

3.45 

1 

.37 

1.37 

l.:i5 

91 
33 
9S 
54 


8.49 


36 


.93 


35 


.13 


95 


39 


2. 02 


This  table  brings  to  light  several  interesting  facts.  The  ratio  of 
evaporation  without  and  within  woods  is  about  the  same  in  the  two 
services,  giving  confidence  to  the  general  it}'  of  these  figures.  It  ap- 
pears, however,  that  the  evaporation  from  a  bare  soil  is  about  the  .same 
as  that  from  a  water  surface.  This  i.s  very  large  and  is  probably  due 
to  the  fact  that  the  soil  is  always  kept  saturated.  The  mtio  between 
evaporation  from  bare  >o\\  within  woods  and  without  is  about  the  same 
a^  that  for  the  water  surface. 

The  most  striking  feature  of  the  table  is  the  effect  of  the  presence  of 
forest  litter  on  the  evaporation  from  the  soil  v/ithin  forests.  The  char- 
acter and  depth  of  this  litter  would  make  much  difference,  and  it  wasl 
probably  kept  as  neail}'  as  possible  like  that  lying  natumliy  in  undis-^ 
tui  f>ed  woods.     In  this  .series  of  observations,  even  with  saturated  soil 
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underneath,  it  permits  an  evapoi*ation  of  only  0.13  per  cent  of  a  free 
water  surface.  About  seven-eighths  of  the  evaporation  from  the  forest 
is  cut  off  by  the  woods  and  litter  together. 

The  i-atio  of  evapomtion  from  a  water  surface  to  the  precipitation 
for  the  same  months  is  surprisingly  large.  According  to  these  obser- 
vations 5  per  cent  more  than  the  precipitation  during  the  wann  season 
could  be  disposed  of  by  evaporation  from  a  water  surface.  Many  sur- 
faces permit  a  readier  evaporation,  and  if  we  add  to  evaporation  from 
a  meadow,  for  instance,  the  large  transpiration  from  the  grass,  it  would 
appear  that  on  the  average  more  water  must  be  evaporated  than  falls 
during  this  season,  which  is  very  improbable.  The  Gennan  observa- 
tions give  a  more  probable  value,  that  of  one  to  two.  Evaporation  is 
very  readily  affected  ]>\'  slight  causes,  and  it  appears  probable  that 
Dr.  Ebermayer's  instruments,  or  their  exposure,  may  give  occasion  to 
an  increase  of  evaporation  as  compared  with  the  German  stations. 
The  annual  rainfall  is  about  the  same  for  the  period  for  which  results 
are  published  from  the  two  services — 34.3  inches  (871  mm.)  in  the  one 
case,  34.6  (876  mm.)  in  the  other.  The  amount  of  water  returned  into 
the  air  over  a  forest  is  a  quantity  worth  i^nowing,  even  though  roughly 
approximated,  especially  if  it  can  be  prepared  with  that  from  other 
forms  of  vegetation  and  from  bare  soil.  The  forest  air  is  furnished 
with  VQ,\)ov  by  the  forest  through  transpiration  from  the  trees,  through 
evaporation  from  the  soil,  and  through  evaporation  from  the  tree^. 
The  transpiration  has  already  been  estimated  at  6.5  inches.  This  (and 
other  special  action  of  the  forest)  is  practically  confined  to  the  warm 
season,  which  ma}'  be  considered  as  extending  from  May  to  September, 
these  months  included.  The  evaporation  from  a  free  water  surface  in 
the  open  at  the  German  stations  for  this  time  is  8.39  inches  (213  mm.). 
The  transpiration  is,  therefore,  6. 5 -^ 8. 39  =  0.77,  or  77  per  cent  of  this 
evaporation. 

The  evaporation  from  the  soil  under  forest  litter  is,  according  to 
Ebermeyer,  13  per  cent  of  that  of  bare  soil  in  the  open  in  the  warm 
season.  Dr.  Wollnv  has  (»arried  on  several  series  of  observations  on 
evaporation  through  a  forest  litter,  and  from  these  it  appears  that  the 
litter  reduces  the  evaporation  by  one-fourth  or  one-third.  This  would 
give  three-fourths  of  0.39  or  two-thirds  of  0.39,  which  are  0.30or0.26, 
numbers  coiisiderablv  larerer  than  Dr.  Ebermaver's.  As  the  latters 
observations  were  made  on  an  observational  scale  while  Dr.  Wollnv's 
were  only  on  an  experimental  one,  we  will  take  Ebermayer's  result  of 
0.13  as  the  measure  of  evaporation  in  woods. 

Only  70  per  cent  as  nuich  rainfall  reaches  the  rain  gauge  in  the 
woods  as  falls  in  the  open  fields,  the  rest  is  caught  in  the  leaves  or 
branches  and  moistens  these  and  the  trunk. 

Verv  little  runs  down  the  trunk,  as  has  l)een  shown  bv  the  observa- 
tionsat  Nancy.*     This  30  per  cent  of  rainfall  nuist  be  again  evaporated, 

'Tliis  Htatement  is  bastnl  on  f>bj«ervati()iis  ma<le  under  one  tree,  the  kind  and  con- 
ditions of  which  are  not  even  stated,  and  tlie  conclusions  have  been  refuted  by  the 
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since  the  plant  takes  up  little  or  no  water  in  that  way.  We  have,  there- 
fore, to  add  to  the.  other  forest  additions  to  the  vapor  of  the  air  0.30X 
2.02=0.61  per  cent  of  evaporation  from  a  free  water  surface  in  the  open 
air.  To  this  should  be  added  the  amount  of  dew  which  is  evaporated, 
but  this  is  unknown,  and  as  it  is  condensed  from  the  adjacent  air  at 
night  to  be  added  to  it  again  in  the  daytime,  its  omission  will  not  make 
the  result  less  signiticant.  The  moisture  added  to  the  air  is,  therefore, 
roughh',  for  the  warm  season: 

By  transpiration,  .77  per  cent  of  the  free  surface  evaiwration. 

By  interior  evaporation,  .13  per  cent  of  the  same. 

By  evaporation  of  rainfall,  .61  per  cent  of  the  same. 

Total,  1.51  per  cent  of  the  evaporation  from  a  water  surface  in  ojx^n  fields. 

To  get  the  total  in  temis  of  the  precipitation,  this  result  is  to  be 
divided  by  2.02,  giving  0.75. 

As  to  other  forms  of  vegetation  various  estimates  are  given,  but  Dr. 
Wollnv  within  a  few  vears  has  made  a  series  of  careful  measurements. 
From  them,  by  reducing,  we  get — 

For  mixed  crops  and  fallows  1.44  of  evai)oration. 
For  clover,  wheat,  oats,  etc.,  1.73  of  same. 
For  sod,  1.92  of  same. 

These  values  are  conservative,  other  authors  giving  generallv  larger 
ones.  The  evaponition  from  bare  soil  varies  much  with  the  kind  of 
soil  and  its  degree  of  satui'ation  with  water. 

As  Dr.  Ebermayer  kept  the  soil  constantly  saturated,  his  results  do 
not  represent  natural  conditions.  The  evaporations  from  soil  in  open 
fields  will  be  cut  down  by  general  lack  of  sufficient  moisture  to  satu- 
rate them.  Schubler's  value  of  soil  evaporation  has,  therefore,  boon 
used.  By  it  the  soil  evaporates  0.60 as  much  water  as  a  water  surface 
sheltered  from  sun  and  wind,  but  otherwise  freely  exposed  to  the  air. 
Tabulating  the  results,  we  find  that  the  percentages  of  additions  of 
moisture  to  the  air  over  different  kinds  of  vegetation  are  about  as  fol- 
lows for  the  warm  season: 


Evaporations  from  various  kinds  of  vegetation. 


Sod 

Cereals . . . 

Forest 

Mixed,  etc 
Bare  soil . . 


Of  evftpora- 

tion  from  a 

Of  precip- 

free water 

itation. 

surface. 

1.92 

.96 

1.73 

.S6 

1.51 

.75 

1.44 

.72 

.60 

.30 

Austrian  measurements  of  Riegler,  published  in  the  Journal  of  the  Forest  Experfment 
Stations  in  1879,  from  which  it  would  appear  that  the  rainfall  reaching  the  soil  is 
increased  by  from  3.4  to  19.6  per  cent  through  the  water  running  off  along  the  tnmks, 
according  to  the  kind  of  trees;  the  first  figure  referring  to  spruce,  the  last  to  beech. 
The  total  loss  of  water  by  interception  may  then  be  averaged  to  l)e  12  per  cent  of  the 
rainfall  instead  of  30.     See  also  p.  134  of  this  bulletin. — B.  E.  F. 
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It  appei»rs  that'th'o  iore?st  is  of  ji^edium  activity  in  this  regard.  It  is 
usually  surpassed  by  the  ordinary  forage  crops,  but  surpasses  ordinary 
fallow  growths  and  far  surpasses  the  average  bare  soil. 

Still,  the  forest  exercises  a  strong  conservative  effect  on  the  waters 
within  and  under  it.  It  saves  the  most  of  its  ground  water  from  evap- 
oration, and  a  great  deal  of  the  water  above  the  surface.  It  differs 
from  other  forms  of  surface  covering  in  drawing  its  water  from  a 
greater  depth.  It  therefore  does  not  dry  out  the  surface  so  much, 
and  it  is  also  less  sensible  to  temporary  droughts.  Although  less  effect- 
ive, on  the  average,  in  adding  vapor  to  the  air  than  are  man}-  less 
herbaceous  forms  of  vegetation,  it  is  more  stead}^  in  its  action,  and  it 
therefore  adds  its  moisture  when  it  is  most  needed.  During  con- 
tinued dry  weather  the  roots  of  the  grasses  dry  out  the  surface  soil 
and  exhaust  its  water.  They  then  cease  pouring  moisture  into  the  air. 
At  such  times  the  forest  may  continue  its  transpiration  and  at  the 
same  time,  by  its  preservative  action,  its  soil  is  charged  with  moisture 
and  may  continue  to  feed  the  springs  tributar}^  to  it. 

FORESTS  AND  HUMIDITY. 

The  psychrometer  observations,  within  and  without  forests,  permit 
a  stud\^  of  absolute  and  relative  humidity.  The  comparative  results 
for  the  absolute  humidity  are  given  in  the  accompanying  table  in  the 
form  of  the  values  of  W—  0.  The  plus  sign  indicates  a  great  amount 
of  vapor  in  the  air  of  the  forest;  a  minus  sign  the  reverse.  The  units 
are  hundredths  of  a  millimeter  of  mercury  as  it  would  be  shown  in 
a  barometer.  The  first  part  of  the  table  is  derived  from  the  German 
observations.  To  it  are  added  the  values  calculated  from  the  observa- 
tions in  forest  and  glade  (  W—  G)^  and  in  forest  and  plain  ( W—P)^  from 
the  Swedish  service. 


At  base  of  tree: 

General  average 

Deciduous 

Evergreens 

Young 

At  tree  crown: 

General  average 

Deciduous 

Evergreens 

Swedish  observations  at  base  of  tree 

W-G 

W-P 


Spring.    Summer. 


-  3 

-  7 
3 

^37 

+  1 

-  1 

^  •> 


Autumn. 


-  5 

+  s 

-11 

+  0 

—  h 

+  s 

4-20 

-1-39 

+10 

+  1 

-10 

+  1 

+  10 

+  4 

+ 


\o 


+  15 

+  7 


+  13 

i-  7 


Year. 


+  0 

^  2 

0 

+37 

+  3 
-  2 
+  4 

+  10 

+  » 


These  numbers  are  verj^  small,  so  small  that,  notwithstanding  the 
absolute  humidit}'  is  itself  of  small  amount,  they  are  usualh*  less  than 
1  per  cent  of  it.  This  is  true  of  the  German  observations,  except  for 
the  young  trees.  Here  the  value  of  TF—  O  is  always  positive  and 
reaches  up  to  4  or  5  per  cent  of  the  total  absolute  humidit}'.     This 
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may  be  due  to  the  surroundings  of  this  station,  which  is  on  the  Lune- 
burger  heath,  an  immense  tract  of  moorland  occupying  the  eastern  part 
of  Hanover.  There  is  no  distinct  difference  between  tree  crown  and 
base  nor  between  glade  and  plain.  In  the  individual  stations  the  mean 
is  frequently  larger  than  the  average  of  all,  and  is  sometimes  consist- 
ently positive,  in  other  cases  regularly  negjitive.  It  appears,  as  might 
be  expected,  that  there  is  no  general  difference  between  the  absolute 
huniiditv  in  woods  and  outside,  and  the  differences  in  individual  sta- 
tions  may  be  due  more  to  the  surroundings  of  the  station  in  open  fields 
than  to  the  forest.  The  lack  of  a  chamcteristic  absolute  humidity  in 
forests  can  be  completely  explained  by  the  fact,  already  shown,  that 
the  forest  is  not  an  especially  active  producer  of  the  vapor  of  water.  Its 
position  in  this  respect  is  intermediate;  and  even  if  it  did  produce  a 
peculiarh'  large  or  a  specially'  small  amount  of  vapor  it  would  not  be 
apt  to  show  a  peculiar  absolute  humidity  because  of  the  rapid  connec- 
tion and  mixture  of  gases.  A  gas  spreads  in  all  directions  and  with 
great  rapidity  usually  from  the  point  where  it  is  produced.  An  obser- 
vation by  M.  Bec(|uerel  illustrates  the  fact  that  a  source  of  vapor  need 
not  give  the  air  al)out  it  a  higher  absolute  humidity.  He  compared,  on 
a  summer's  day,  the  psychrometer  readings  in  the  air  at  5  feet,  just  over 
a  tree,  just  over  garden  vegetables,  and  just  over  a  stream,  and  found 
the  absolute  humidities  to  be  pmctically  identical.  However  much 
these  surfaces  may  have  differed  in  the  production  of  vapor,  the  rapid 
connection  and  mixture  prevented  this  difference  from  being  appreciable 
as  absolute  humiditv  of  the  air. 

While  the  absolute  humidity  depends  only  on  the  amount  of  the 
vaj)or  of  water  in  the  air,  the  relative  humidity  depends  on  this  and  on 
the  temperature  also.  As  a  difference  in  temperature  between  woods 
and  open  fields  has  already  been  shown,  there  must  be  a  difference  in 
relative  humidit}',  and  as  the  temperature  of  the  woods  is  lower  the 
relative  humidity  must  be  higher,  or  the  value  of  IP— ^>  must  be  posi- 
tive.    The  following  table  shows  that  this  is  the  case: 


At  the  base: 

General  average . 

Deciduous , 

EverKrt'i'ns 

In  tree  crown: 

General  average. 

Dt»ciduou.s 

Evergreens 

Swedish  ot>servationH 

W^ ft 

H'— P 


Winter. 


-t-2 

+  2 
-1-2 

4-1 
-1    , 
J-1   , 

4-1 

+2 
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Summer. 

Autumn. 

1 

Y 

ear. 

! 

i 
< 

1 
1 
1 

+2 
t-1 

-f4 

-f-5 

f-4 
-f-4 

! 

^2 
+  1 

-1-2 

4-3 

-f2 

+4 

■t-2 

+  1  ' 

+2 
+  1 
-f2 

1 

^4 
f5 

^4 
-r4 

1 
4-2  1 
-f-2 

+3 
+3 

1 

1 

- 

—  -_ 

i 
< 

There  is  no  great  difference  in  the  different  cases.  The  surplus  in 
the  tree  crown  is  a  little  smaller  because  the  temperature  is  higher 
there. 

M.  Fautrat  has  carried  on  some  observations  of  humidity  above  trees. 
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but  his  results,  as  published  in  the  Corrqytes  Rendus^  are  fi-agmentary. 
The\'  are  given  in  the  accompanying  table  as  they  were  published. 
The  results  in  absolute  humidity  were  not  published.  The  observa- 
tions over  trees  are  compared  with  those  at  the  same  height  over  Helds 
and  about  a  thousand  feet  distant.  The  psychrometer  was  sevei-al  feet 
above  the  trees  in  the  case  of  the  deciduous  trees,  but  close  to  the  top 
of  the  evergreens. 


Forest  of  Halatte  decidu- 
ous trees. 


Forest  of  Ennenonville 
overjH'ecn  trees. 


No.  of 
years. 


\V 


(). 


w— o. 


January  

Febniary 

March 

April I 

May 

June I 

July I 

August I 

September I 

October I 

November I 

December 


0 

1 

2 
2 

2 
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1 
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\S\ 

a^ 
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77 

SO 
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84 
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(•.2 

r.i 

.■>7 
'u 
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7o 
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•  O 
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+2 
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57 
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57 
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a5 

5S 

+  7 

79 

71 
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60 
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The  surplus  of  relative  humidity  over  deciduous  trees  is  not  great, 
but  that  just  over  the  foliage  of  evergreens  is  so  large  as  to  be  signifi- 
cant. The  published  results  do  not  admit  of  a  ready  computation  of 
the  aV)solute  humidity,  but  the  surplus  of  the  relative  is  great  enough 
to  suggest  a  surplus  of  the  absolute,  large  enough  to  be  easily  meas- 
ured. The  spe(*ial,  elaborate,  and  refined  observations  at  Ried,  in 
Austria,  show  slightly  greater  variations  in  absolute  humidity  than 
previous  ones,  and  though  they  are  nearly  evanescent,  some  uniformity 
can  be  traced  in  them.  As  they  were  taken  at  irregular  intervals  they 
are  not  suitable  for  a  general  tabulation  and  their  number  forbids  their 
being  quoted  at  length.  The  conclusions  reached  by  the  discussion  of 
them  and  given  by  Dr.  Lorenz  Liburnau  are  as  follows: 

The  absolute  humidity  decreases  in  the  forest  from  the  soil  upward. 
The  rate  of  decrease  is  usually  the  greatest  under  the  trees  and  the 
least  at  the  level  of  the  foliage.  The  rate  above  the  trees  is  interme- 
diate between  the  other  two.  This  rate  is  least  in  the  late  hours  of  the 
night,  when  it  may  be  zero.  It  increases  with  the  increase  of  the  tem- 
perature of  the  air,  becoming  greatest  in  the  midday  hours,  when, 
under  exceptionallv  favorable  circumstances,  it  may  make  a  difference 
of  10  per  cent,  or  even  more.  Occasionally,  in  high  wind^,  the  absolute 
humidity  is  greater  over  the  trees.  Over  the  field  station  the  daily 
progress  of  the  absolute  humidity  was  about  the  same  as  in  the  forest, 
but  the  maximum  difference  was  only  about  half  as  great.  The  abso- 
lute humidit}'  in  and  a))ove  the  forest  is  greater  than  that  over  the  open 
fields,  and  there  is  some  trace  of  an  increase  of  this  difference  to  the 
time  of  maximum. 
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The  relative  humidity  decreases  upward  in  forests,  but  there  is  an 
occasional  reversal  of  this  at  night.  Over  the  open  fields  it  decreases 
upward  with  wet  soil,  but  increases  with  dr3\  It  is  almost  invariably 
greater  about  the  forest,  above  as  well  as  inside,  over  the  field  station, 
and  it  is  higher  above  the  forest  than  it  is  at  5  or  6  feet  above  the 
open  field.  The  small  significance  of  the  vapor  poured  into  the  air 
by  forests  in  raising  the  absolute  humidit}'  suggests  the  question  of 
the  relations  of  the  forest  to  other  constituents  of  the  air.  The  forest 
takes  up  large  quantities  of  carbonic  acid,  retaining  the  carbon  and 
rejecting  the  oxygen.  Does  it  sensibly  change  the  relative  quantity  of 
either  constituent  so  that  the  composition  of  the  air  is  slightly  difter- 
ent  in  the  woods  ?  Repeated  observation  shows  that  each  constituent 
is  curiously  uniform  in  quantity  in  the  free  air.  It  has  been  thought 
the  carbonic  acid  is  quite  variable,  but  the  introduction  of  better 
methods  of  observation  shows  that,  except  in  confined  places  where 
the  gas  is  produced,  the  variations  are  very  small. 

A  study  of  the  numbers  involved  will  show  that  the  carbonic-acid  gas 
taken  up  by  a  forest  is  a  vanishing  quantity  compared  with  that  which 
passes  the  forest  in  the  same  time  with  the  moving  air.  Grandeau 
gives  the  annual  product  of  carbon  by  a  forest  of  beeches,  spruces, 
or  pines  as  about  2,700  pounds  per  acre.  This  corresponds  to  9,900 
pounds  of  carbonic-acid  gas,  or  69,300  cubic  feet.  Now,  if  the  average 
motion  of  the  air  is  5  mile.s  per  hour  (a  light  breeze,  a  low  estimate), 
and  the  layer  of  air  from  which  the  gas  is  taken  be  estimated  at  100 
feet  thick,  there  would  pass  over  an  acre  550,000,000  cubic  feet  in  one 
hour.  This  air  must  contain  about  three  parts  in  ten  thousand  of  car- 
bonic gas,  and  the  total  amount  of  the  latter  per  hour  is  165,000  culnc 
feet.  But  this  is  2f ,  or  more  than  twice  as  much  as  that  taken  up  by 
the  trees  in  the  entire  season,  so  that  the  air  could  provide  in  thirty 
minutes  for  the  wants  of  the  trees  for  the  entire  season.  If  this  sea- 
son is  taken  at  5  months,  or  150  days,  the  amount  of  air  passing  is 
55  X  10' X  24X150= 198  X 10*^  cubic  feet,  and  the  amount  of  carbonic-acid 
gas  is  594  X 10*.     The  ratio  of  carbonic  acid  used  to  that  furnished  is 

69300 
only  5940()(X)oo?  ^^  ^^^  P^rt  m  8,600. 

The  additions  of  oxygen  to  the  air  would  form  a  still  smaller  percent- 
age of  the  oxygen  already  present,  for  this  gas  makes  up  a  quarter  of 
the  air  instead  of  a  thirtieth  of  1  per  cent. 

The  case  is  somewhat  different  with  ozone,  as  it  is  formed  in  certain 
definite  localities  and  its  eagerness  for  combination  is  such  that  it  can 
not  pass  far  from  its  source  before  it  will  disappear.  The  resins  of 
coniferous  woods  should  be  an  abundant  source  of  ozone,  and  although 
the  decaying  matter  in  and  about  woods  provides  abundant  occasion 
for  its  disappearance  before  passing  off  into  the  outside  air,  still  the 
amount  of  ozone  in  such  woods  should  be  sensibly  greater  than  outside. 
Observation  has  not  shown  this  unequivocally,  but  that  may  be  due  to 
the  numerous  imperfections  of  the  method  employed. 
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RAINFAIili  IX,  ABOVE,  AND  NEAR  FORESTS. 

The  first  result  from  the  parallel  sA^stem  of  forest  observations  with 
regard  to  minfall  is  the  determination  of  the  (|iiantity.  of  rain  under 
trees  as  compared  with  that  outside.  Aside  from  any  possible  differ- 
ence of  minfall  over  forests  and  outside,  the  tree  and  its  foliage  serve 
as  a  cover  for  the  space  underneath.  The  result  is  that  the  i*ain 
gauges  under  the  trees  fail  to  get  as  much  precipitiition  as  those  which 
are  in  the  6pen  fields.  Genei'ally  the  rain  gauges  are  alike  in  the  two 
stations.  Much  difference  is  caused  by  the  position  in  which  the  for- 
est rain  gauge  is  placed,  whether  under  a  crown  of  dense  foliage  or 
near  its  edge,  or  under  the  lighter  foliage  of  smaller  or  scattered  trees. 
Very  little  information  is  given  on  this  point.  The  rain  actiialh'^  caught 
annually  under  trees  in  the  German  service  varies  from  89  percent  of 
that  in  the  open  (at  Carlsberg)  to  52  per  cent  (at  St.  Johann).  The 
average  is  75  per  cent,  or  three-quarters;  and  ten  of  the  sixteen  sta- 
tions do  not  vary  5  per  cent  either  way  from  this  mean.  A  twelve- 
years  series  of  observations  gives,  for  the  three  Swiss  stations,  90,  84, 
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Fig.  54.— Percentage  of  precipiUition  received  under  trees  (all  kinds)— German  observations. 

and  77  per  cent,  giving  a  mean  of  84  per  cent,  considerably  larger 
than  that  triven  bv  the  German  stations. 

The  station  at  Bellefontaine,  near  Nancy,  also  gives  84  per  cent  as 
the  mean  of  eleven  years  of  observation. 

The  proportion  of  the  precipitation  which  passes  through  the  foliage 
varies  slightly  with  the  season.  Fig.  54  shows  the  relative  amounts 
(percentages  of  outside  precipitation)  for  the  individual  months.  The 
percentage  withheld  is  somew^hat  greater  in  the  w^armer  season,  though 
the  diflerence  is  not  great.  Fig.  55  distinguishes  between  the  ever- 
green and  deciduous  trees.  The  values  for  the  evergreens  are  rep- 
resented })y  the  broken  line.  They  appear  ver}^  even,  with  only  a  slight 
tendency  downward  in  the  warm  season.  The  dotted  line  is  the  curve 
of  the  percentages  for  deciduous  trees.  It  is  less  even  than  the  other. 
The  dip  downward  is  decidedly  more  marked,  but  it  is  not  great.  It 
would  seem  that  the  advent  of  the  foliage  would  have  a  nmch  greater 
etfect  than  that  represented  by  the  slight  turn  downward  of  the  curve 
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from  April  to  June.  The  drop  for  deciduous  trees  during  these  months 
is  from  a  percentage  of  77  to  that  of  66,  then  to  65,  making  the  foliage 
catch  but  12  per  cent  of  the  precipitation,  while  the  bare  limbs  and  twigs 
iu  March  caught  14  per  cent,  and  in  April  apparently  23  per  cent.  The 
evergreen  trees  permit  73  per  cent  of  the  rainfall  to  i^ass  through  their 
foliage  in  April  and  identically  the  same  in  June.  Admitting  (though 
there  are  some  reasons  for  doubt)  that  the  rainfall  is  actually  the  same 
over  a  wood  and  a  place  outside  but  near,  this  small  action  of  the  foliage 
as  compared  with  the  branches  and  twigs  requires  explanation,  and, 
whatever  the  explanation  may  be,  it  must  apph'  only  to  deciduous  trees, 
as  evergreens  show  no  difference  in  these  months.  No  satisfactory 
explanation  occurs  to  me.  The  catch  in  winter  is  largely  influenced 
by  the  form  of  precipitation,  the  snow  l>eing  caught  temporarily  and 
let  fall  later  into  the  gauges  below,  but  this  would  not  affect  the  fall 
from  April  on. 
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Fig.  65.— Percentage  of  precipitation,  received  under  trees  (different  kinds). 

The  foliage  catches  more  of  the  rainfall  during  the  warm  season,  even 
in  the  case  of  deciduous  trees.  The  percentages  for  the  German  stations 
are  as  follows,  the  warm  season  being  taken  from  May  to  September, 
five  months: 


Entire    '    Warm 


year. 


season. 


General  average i  75  ! 

Average  for  deciduous  trees 74  i 

Average  for  evergreens 77 


70 
65 
74 


It  seems  that  the  deciduous  trees  withhold  more  of  the  precipitation 
(3  per  cent)  through  the  entire  year  than  do  the  evergreens,  and  that 
this  percentage  additional  becomes  9  in  the  leafy  season. 

Less  than  two-thirds  of  the  rainfall  in  openlields,  during  this  season, 
succeeds  in  reachmg  the  gauge  under  deciduous  trees;  more  than  three- 
quarters  reaches  it  under  evergreens.  This  ditference  may  be  easily 
due  to  the  character  of  the  foliage  in  the  two  cases. 

As  an  average  from  sixteen  stations,  and  about  150  years  of  observa- 
tion, it  is  found  that,  in  the  warm  season,  30  per  cent  of  the  rainfall  in 
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the  open  fails  to  reach  the  gauges  under  the  trees.  Taking  all  seasons 
together  this  deficit  under  trees  is  25  per  cent.  The  disposal  of  this 
water  is  eas}-  to  explain.  It  does  not  include  the  water  that  drips  froni 
trees,  for  this  is  fairly  accounted  for  by  the  gauges.  It  is  the  water  which 
moistens  the  tree  and  its  various  parts,  and  also  that  which  flows  down 
the  trunk.  The  latter  part  reaches  the  soil  and  is  measurable ;  the  former 
is  evaporated  again  without  reaching  the  soil.  At  Nancj' arrangements 
were  made  for  including  in  the  catch  of  the  gauge  the  part  which  flows 
down  the  trunk.  At  two  stations  large  gauges  were  put  in;  they  were 
of  the  same  size  as  the  tree  crown  and  the}"  embraced  the  trunk,  a  collar 
about  which  directed  the  water  into  the  receiver  of  the  gauge.  The 
percentage  of  catch  in  the  woods  was  here  92,  the  largest  in  stations 
provided  with  ordinar}'  gauges.  The  latter  were  used  at  the  Belle- 
fontaine  station,  which  was  not  very  distant,  and  the  catch  was  here  Sttper 
cent.  This  is  larger  than  for  most  other  reported  returns,  but  the  differ- 
ence between  this  value  and  that  for  Cinq -Franch^es  may  perhaps  te 
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Fig.  66,— Precipitation  througb  trees  at  Clnq-Franch^es  and  Bellefontaine. 

taken  as  an  approximation  to  the quantit}' of  rainfall  which  flows  down 
the  tree  trunk.  This  would  be  8.per  cent.  These  are  means  from  eleven 
years  of  observation.  Fig.  56  gives  the  distribution  of  the  percent 
ages  through  the  vear.  The  upper  curve  is  for  Cinq-Franchees  with 
its  large  rain  gauge;  the  lower  curve  is  for  Bellefontaine  with  ordinary 
gauges.  They  both  show  something  of  the  dip  for  the  warm  season. 
At  Cinq-Franchees  the  precipitation  uiider  trees  for  one  month  (Febru- 
ary) is  slightly  larger  than  that  in  open  fields. 

M.  Fautrat's  observations  include  those  on  precipitation  above  forests. 
The  rain  gauge  over  the  forest  was  compared  with  one  at  the  same 
height  and  a  thousand  feet  away,  over  fields.  The  two  pairs  of  stations 
were  in  the  forests  of  Halatte  and  Ermenonville,  and  have  been  already 
described.  The  accessible  data  were,  for  Halatte,  the  monthlv  valuer 
for  February  to  July,  1874,  and  August,  1876,  to  July,  1877;  for  Ermen- 
onville, the  monthl}^  values  from  1875  to  July,  1877.  These  have  been 
changed  into  inches  and  condensed  into  the  accompanying  table: 
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Halatt«.  deciduous  trees.  'Ermenouvllle,  evergreens. 


W 


Winter 7.44 

Spring 6. 90 

.^nmmer 7.11 

Autumn I  8.  JW 

Year 30.33 


0 


7.35 

e.M 

6.G9 

7.32 

27.90 


W—0 


+0.09 
+0.36 
+0.42 
+1.56 
+2.43 


W 


C.11 
7.47 
9.25 
7.24 
30.07 


O 


5.41 
6.74 
8.29 
7.20 
27.64 


n—0 


+0.70 
+0.73 
+  0.96 
-•-0.04 
+2. 13 


These  results  are  of  so  great  interest  that  it  is  unfortunate  that  the 
published  series  of  observations  is  so  short.  Rainfall  observations,  to 
give  satisfactory  results,  must  be  derived  from  a  long  series  of  obser- 
vations. M.  Fautrat's  obsenatious  are  very  consistent  among  them- 
selves, however,  and  the  uniformity  of  signs  of  W—  O  and  the  distribu- 
tion of  the  values  through  the  season  show  that  they  are  not  due  to 
accidental  limits  of  heavy  rains  so  aiTanged  as  to  include  one  station 
and  exclude  the  other.  According  to  these  observations,  the  simple 
precipitation  over  woods  is  9  per  cent  more  than  that  over  open  fields 
in  both  cases.  The  amount  which  reached  the  ground  under  the  woods 
was  90  per  cent  of  that  over  the  fields  for  one  year  in  the  case  of  the 
deciduous  trees,  and  this  gives  the  large  avemge  percentage  of  39  for 
that  which  was  caught  by  the  foliage.  For  the  evergreen  trees  and 
the  whole  series  of  observations  the  amount  which  reached  the  ground 
under  trees  was  only  56  per  cent  of  that  in  the  open,  giving  here  53 
per  cent  as  the  catch  of  the  trees.  The  arrangements  of  rain  gauges 
by  M.  Fauti*at  did  not  permit  the  measure  of  the  amount  flowing  down 
the  trunks.  Using  the  per  cent  obtained  at  Cinq-Franch^es  as  the 
measure  of  this,  we  have  the  following  curious  and  interesting  relations 
between  the  precipitation  over  woods,  in  woods,  and  outside.  The 
data  are  percentages  of  the  rain  of  all  outside,  in  this  case  at  the  height 
of  the  upper  gauge,  as  that  at  the  lower  gauge  is  not  given. 


Fall  over 
woods. 


Deciduous  trees 
Evergreen  tretf« 
Average  of  two. 


Reached  Reached 


gauge 
under 
woods. 


0.70 
0.56 
0.63 


ground 

under 

woods. 


Held  by 

the 
foliage. 


0.71   1 


0.31 
0.45 
0.38 


While  Fautrat's  observations  show  that  there  was  a  higher  rainfall 
over  trees  in  the  department  of  Oise  than  over  comparative  stations  in 
the  open  fields,  they  do  not  show  that  that  occurs  in  Germany  or  else- 
where, but  gives  enough  of  a  presumption  to  that  effect  to  make  it 
worth  while  to  examine  the  subject  more  fully.  It  frequently  happens 
at  the  German  stations  that  the  heaviest  rainfalls  for  the  month  (which 
are  always  noted)  are  greater  under  trees  than  at  the  field  station,  but 
as  this  could  easily  be  due  to  heavy  local  rains,  it  is  not  espocialh'  sig- 
nificant.    It  is  otherwise  with  the  monthly  rainfalls.     If  the  monthly 
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amount  under  trees  is  greater  than  that  outside,  tnere  is  a  fair  pre- 
sumption that  the  rainfall  over  the  trees  is  persistently  heavier,  and 
where  this  is  found  for  seveml  months,  and  in  the  warm  season  when 
the  precipitation  is  rain  and  can  not  be  very  long  sustained  in  the 
foliage,  the  presumption  becomes  very  much  stronger.  There  were  a 
good  many  cases  in  the  two  hundred  years  of  observation  at  the  (Tor- 
man  stations  when  the  monthly  catch  under  woods  was  greater  than 
in  the  open  fields.  I  will  take  a  few  of  the  most  interesting,  for  the 
warm  season: 

Carls])eiv,  May,  ISSl  (1.24),  and  Septemlxjr  (1.11);  also  September,  1885  (1.20), 
June,  1887  (1.20),  and  May,  188S  (1.14);  Schoo,  May  to  September,  1886  (1.05,  1.00, 
1.04,  1.40,  1.40). 

These  are  botn  stations  among  evergreens,  and  the  summer  reduc- 
tion of  catch  under  trees  for  this  season,  for  the  German  stations,  is 
.26  per  cent.     If  this  is  added  to  the  above  they  become — 

For  Carls})erj; 1.50,  1.87,  1.40,  1.46,  1.40 

For  Schoo 1.81,  1.26,  1.80,  1.66,  1.66 

and  it  appears  that  the  monthly  fall  in  the  woods  may  be  from  a  fourth 
to  two-thirds  more  than  in  adjacent  fields.  If  instead  of  the  .26  per 
cent  of  the  German  service,  the  .45  per  cent  found  by  Fautrat,  by  actual 
measurement,  as  the  difference  in  rainfall  above  and  below  evergreens, 
be  added,  these  values  become  .19  per  cent  greater,  and  the  rainfall 
observations  at  the  forest  stations  generally  })ecomc  largei*  than  those 
in  open  fields. 

But  Fautrat's  .31  per  cent  for  deciduous  trees  and  .45  per  cent  for 
evergreens  are  the  results  of  ))rief  series  of  observations  at  only  two 
stations  and  can  not  be  extended  to  the  results  of  o])servations  at  other 
stations  without  uncertainty. 

They  afford,  however,  some  grounds  for  the  presumption  that  rainfall 
is  heavier  over  woods,  and  it  is  not  hard  to  find  reasons  whv  it  should 

^  ft 

be.  But  it  is  most  satisfactory  to  wait  until  the  fact  has  been  proven 
beyond  a  doubt,  and  in  the  lack  of  sufficient  observations  on  this  point 
lies  the  chief  and  most  important  gap  in  forest  meteorological  work. 
For  the  completion  of  the  theory  of  the  action  of  forests  on  climate 
exact  observations  are  needed  above  trees  at  manv  stations  and  for 

ft 

long  series  of  years,  and  the  most  important  data  to  be  obtained  are 
those  relating  to  precipitation.  The  lainfall  caught  under  trees  is  of 
minoi  importance — far  sul>ordinate  to  the  amount  caught  above  tree^s. 


PRECIPITATION    OVER    WOODED    AND   TREELESS    DISTRICTS.       Ill 

PRECIPITATION     OVJilU     WOODED     AXD     TREEI^ESS     DIS- 
TRICTS. 

This  branch  of  the  forest  meteorological  problem  is  the  most  impor- 
tant of  all,  has  been  most  discussed,  and  the  discussion  has  resulted  in 
all  shades  of  opinion,  from  those  absurdly  favorable  to  trees  to  those 
utterly  adverse.  Direct  comparison  of  observation  is  here  not  possible, 
or  at  least  comparable  observations  have  not  been  carried  on,  and,  as 
in  the  case  of  temperatures  over  wooded  and  treeless  districts,  there  is 
alwavs  occasion  for  doubt  whether  the  differences  found  at  the  selected 
different  stations  are  not  due  to  other  things  than  the  presence  or 
absence  of  forests.  The  difficulty  is,  in  fact,  greater  here  than  in  the 
case  of  temperatures,  because  the  rainfall  is  especiall}-  sensitive  to  all 
sorts  of  conditions  and  surroundings,  and  is  also  apparently  very  capri- 
cious (changing  from  month  to  month  or  year  to  year  by  large  amounts 
and  without  anv  discoverable  cause).  In  addition  to  all  this,  when  a 
difference  of  rainfall  corresponding  to  a  difference  of  forest  conditions 
has  been  found,  there  is  still  occasion  for  dou])t  as  to  which  is  cause 
and  which  effect  There  is  everv  reason  to  believe  that  with  increased 
rainfall,  other  things  being  favoi-able,  there  will  be  an  increased  growth 
of  trees. 

The  facts  at  nand  do  not  prove,  with  entire  conviction,  that  forests 
increase  the  rainfall.  The  historical  method  is  lacking  generally  in 
the  character  of  the  data  for  the  beginning  of  the  comparison.  Be- 
sides, where  a  change  of  rainfall  is  actually  shown  to  be  coincident 
with  a  change  in  the  forest  growth  it  is  not  entirely  certain  that  the 
fonner  is  due  to  the  latter;  it  mav  be  due  to  what  are  called  secular 
changes  of  the  rainfall,  the  reasons  for  which  lie  beyond  our  knowl- 
edge. The  geographical  method  is  not  entirel}'  satisfactor}-,  for  the 
reasons  already  mentioned.  The  entirely  convincing  method  depends 
on  observations  above  forests  and  with  svstems  of  radial  stations  as 
proposed  by  Dr.  Lorenz-Liburnau,  and  from  these  there  is  not  yet  a 
suflScient  amount  of  published  results. 

It  will  be  of  interest,  however,  to  see  what  is  the  character  of  the 
geographical  method  so  far  as  it  relies  on  purely  meteorological  facts. 

In  1866-1868  M.  Becquerel  took  a  series  of  o))servations  of  rainfall  at 
five  stations,  at  Montargisand  Chatillon-sur-Loing,  and  their  vicinit3\ 
They  are  in  the  department  of  Loiret,  50  to  75  miles  (80-121  kilom.) 
south  of  Paris,  and  contained  within  a  range  of  25  or  30  miles  (40-48 
kilom.)  of  a  country-  with  fields  and  woods  interspersed.  His  ol)serva- 
tions  cjave  results  as  follows: 


station. 


Condition. 


U  Jeequeminl^re 
U  Salvionni^re . . 

LeOharme 

Ctaatlllon 

Hoatargls 


For  18G().    For  lS6r>-lh<;s. 


Wooded 
Wooded 
Woo<1ed 
Open  ... 
Open  ... 


Inchrit. 
:«.30 
32. 51 
31.09 
24.38 
24.16 


Incfiff. 
27. 10 
27.09 
(27.  OS) 
26. 2.=> 
2»>.94 


Mm. 

088 
687 
»>6 
684 
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At  the  end  of  the  first  year's  observations  M.  Becquerel  calls  atten- 
tion to  the  larger  amount  of  rainfall  at  the  more  wooded  stations;  at 
the  end  of  three  years,  however,  he  practically  recalls  this  mild  sug- 
gestion. The  observations  were  taken  for  two  years  only  at  Le  Charme 
and  were  corrected  to  make  a  mean  corresponding  to  that  for  the  three 
years  at  the  other  stations.  M.  Becquerel  also  examined  the  relations 
of  rainfalls  to  forests  in  Denmark,  but  the  results  were  somewhat  am- 
biguous. 

The  observations  made  near  Nancy  were  arranged  in  such  a  way 
that  some  conclusions  could  be  drawn  as  to  the  relative  rainfall  among 
forests  and  in  open  country. 

Cinq-Fnxnchees  was  in  the  midst  of  the  large  wooded  plateau  called 

the  forest  of  La  Haye,  composed  of  deciduous  trees  about  forty  years 
old. 

The  field  station  was  in  an  open  space  of  10  or  more  acres,  in  which 
was  the  house  of  the  forester.  It  was  5  miles  southwest  of  Nancy. 
Bellefontaine  was  on  the  edge  of  the  forest,  about  4  miles  northwest 
of  Nancy.  The  field  station  was  uncultivated  land,  devoted  to  nur- 
series. It  was  in  the  bottom  of  a  valley  running  northwest  and  south- 
east. Six  miles  northeast  of  Nancj'^  was  the  station  of  Amance,  near 
the  summit  of  a  hill,  and  surrounded  bv  cultivated  lands,  not  entirely 
treeless,  but  devoid  of  forests.  Observations  were  begun  later  at  the 
agricultural  station  near  Nanc3\  It  was  in  the  open  fields  about 
11  miles  from  the  forest  of  La  Haye.  There  arc  only  seven  years 
of  observations  from  this  station,  but  eleven  from  the  others.  The 
mean  annual  precipitation  at  these  stations  is  given  in  the  accompan^^- 
ing  table: 


station. 


Condition. 


Cinq-Fmnchees i  Forest 

Forest 
Open . 
Open  . 


Bellefontaine 
Amance. 
Xaney  .. 


Mean 

Mean 

Vltllnde. 

<jf  seven 

of  eleven 

years. 

yeans. 

Feii. 

Jnchc*. 

Inchf*. 

1,247 

32.5 

31.5 

787 

31.8 

30.7 

1,247 

25.5 

•25.7 

712 

30.4 

The  stations  at  Cinti-Franchees  and  Amance  are  as  comparable  as 
stations  can  be  made,  and  the  forest  precipitation  proves  to  be  about 
7  inches  greater  than  that  of  the  open  fields.  Bellfontiiine,  on  the 
edge  of  the  forest,  has  an  ai)preciably  greater  precipitation  than  Nanc}'. 
These  stations  were  all  under  one  direction,  and  their  results  mav  be 
considered  as  significant,  especiall}'  as  to  the  first  and  third,  which  are 
at  the  same  elevation.  The  position  of  the  second  is  unfortunately  of 
such  a  ('haracter  that  its  rainfall  might  be  very  sensibly  afl'ected. 

The  rainfall  at  pamllel  paiis  of  field  stations  has  l)een  determined 
bv  a  series  of  careful  observations.     These  stations  are  alwavs  near 
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forests,  and  it  will  be  of  interest  to  compare  their  results  with  those 
given  for  extensive  regions  near  them  but  without  forests.  Such  a 
comparison  is  made  in  Dr.  Lo rev's  handbook  of  forestry;  in  repro- 
ducing it  the  units  of  measurement  are  changed  to  feet  and  inches. 
The  stations  are  arinnged  in  the  oixler  of  their  elevation  above  the 
sea.  The  averages  for  the  larger  regions  are  those  published  })y  Dove 
in  1 -71. 


Field  sialion. 


Compared  with  avcnise  over  open  regions. 


Name. 


Eleva- 
tion. 


I  F(tt. 

SclVKl 10 

EtH.Tj»  walde 77 

Fritzen 9s 

Hadersletx'n  112 

Lintzol 312 

Kiinrien 407 

Marienthal 469 

Hagenaii 500 

NeuniAth 1 .  159 

Friedriehsrode 1 .  158 

Lahnhof '  1,975 

Hollerath 2,005 

S<rhneidefeld 2. 2:W 

Ca^I^tK'rg ,  2. 400 

."^nueiiberg '  2,!>49 

Melkerei 3,071 

I 


Mean  an- 
nual pre-l 
cipita- 
tion. 


Invfuf. 
•2S.  4 
21.9 
25. 6 
30.1 
'23.3 
24.5 
22.5 
31. 0 
32.3 
2G.5 
44. 2 
38.3 
50.2 

as.  9 

55.5 
69.9 


Name. 


^^Hf^  «-.p>- 


cijuta- 
lion. 


North  Sea  eoa^^t 

Brandenhuig 

&Lsi  Prussia 

Bait ie  const 

Hanover  

Ea<<t  Pru>sia 

Thuringen  and  Saxon  provinces  . 

A  Isiac^e- Lorraine 

do 

ThOriugen  and  Saxon  provinces. 

Wesftphalia 

Rhine  country 

Thfiringen  and  Saxon  provinces  . 

Silisian  Mountains  ^ 

Harz -, 

Alsace-Lorraine 


Inches. 

27. 5 
21.  H 

24. 1 
26.0 
2G.  9 
24.1 
•£i.  2 
30.  4 
30.  4 

23. 2 
30.7 

25. 6 
23. 2 
27.2 
36. 4 
30.4 


woods. 


Inchesf. 
-f  0.5 
+  0.1 
+  \.b 
+  4.1 

-  3.6 
+  0.4 

-  0.7 
+  1.2 
-h  l.i^ 
+  3.3 
+  14.5. 
+12.7 
+27.0 
+  11. & 
+  19.1 
+39.5 


It  seems  from  this  that,  where  the  results  at  the  stations  near  forests 
are  compared  with  the  general  re.sults  in  the  section  of  country  in 
which  the  station  is  situated,  the  forest  station  usuall}'  shows  more 
rainfall.    Lintzel  is  exceptional,  because  near  young  trees  on  an  exposed 


moor. 


*ln  regaitl  to  this  station  Dr.  Miittrich  has  lately  published  an  interesting  account 
which  should  correct  the  above  result,  and  would  go  far  to  show  a  noticeable  influ- 
ence of  the  growing  forest  cover  upon  rainfall. 

This  station,  situated  in  the  Luneburg  heath,  was  begun  to  be  planted  to  forest  in 
1877,  at  the  rate  at  first  of  1,000  to  1,500  acres  per  year,  afterwards  more  slowly,  and 
by  this  time  over  8,000  acres  have  been  planted  to  forest  in  that  locality.  Around 
the  meteorological  station  a  young  forest  of  10  to  12  years  old,  of  pine  and  oak,  luis 
grown  up.  The  station  is  placed  in  an  open  field  of  al)out  75  acres  extent,  sur- 
rounded by  the  forest  growth.  The  change  of  conditions  immediately  around  the 
station  Lintzel,  making  Lintzel  central  for  an  area  of  about  25  s()uare  miles,  is  repre- 
sented as  follows: 


Before  reforestation : 

12  per  cent  field,  meadow,  etc. 
85  per  cent  heath. 
3  per  cent  old  forest. 


After  reforestation: 

10  per  cent  field,  meadow,  and  water. 
10  per  cent  heath,  roads,  and  openings. 
80  per  cent  of  forest. 


There  are  now  regular  meteorological  observations  for  nine  years  on  hand. 
The  rainfall  observations  are  compared  with  th().«e  from  stations  outside  of  the 
forest  conditions,  but  near  enough  to  Lintzel  to  be  available  for  comparison  in  the 
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There  are,  however,  considerable  variations  in  the  elevations  of  the 
stations  employed  to  get  the  average  values  given. 

following  table;  the  values  having  in  both  cases  been  equalized  to  eliminate  irregu- 
larities by  calculating  the  means  of  each  three  to  four  years  by  the  formula 

^a+h,  «:!  i?HT,  t»±i£±£j  etc. 
3"         4  '4 

Table  1. — Equalized  valued  of  precipitation,  in  miUimet4r». 


Year. 


Lintzcl.    Bremen.    Llntzel.  ,  Hamburg.    Lintzel.  '  j^i^JJ  !     ^SST 


1882 

\m\ 

18M5 
1880 
1887 
1888 
1889 
1890 


Per  cent 
514. 7 
550.5 
639. 3 
620. 3 
533.3 
W«.3 
^50.0 
705.0 
668.0 


Per  cent. 
797.6 
798.8 
821.2 
756.2 
636.0 
568.0 
608. 5 
665.9 
657.3 


Per  cent. 
514.7 
&.T0.5 
639.3 
620. 3 
533.3 
546.3 
650.0 
736.2 


Per  cent.     Per  cent.    Per  cait. 


643.7 
650.9 
681.5 
650.2 
570.9 
580.1 
706.1 
781.4 


514.7 
550.5 
639.3 
620.3 
.')33.3 
516.3 
606.3 


673. 
675. 
676. 
579. 
496. 
521. 
678. 


Per  cent. 
561.0 
575. 1 
619.0 
688.7 
512.4 
530.2 
626.2 


Garde- 
legen. 

Per  CTfit. 
5*1.7 
W5.0 
599.3 
567.9 
467.1 
4M.4 
504.9 


From  this  table  the  percentage  of  rainfall  in  Lintzel,  as  related  to  the  rainfall  of 
each  of  the  other  stations,  is  calculated  as  follows: 

Table  2.  — Rainfall  at  Lintzel  calculated  a«  perceiUage  of  rainfall  at  certain  places. 


Year. 


1882 
1883 
188-1 
1885 

1N86 
1887 
1888 
1889 
1890 


Bremen. 

Ham- 

Oslebs- 

Lune- 

Garde- 

burg. 

hausen. 

burg. 

legen. 

Per  cent. 

Per  cent. 

Per  cent 

Percent. 

Per  cent 

64.5 

80.0 

76.4 

91.7 

96.3 

68.7 

»A.6 

81.5 

95.7 

101.0 

77.8 

93.8 

94.5 

103.3 

106.7 

82.0 

95.4 

107.1 

105.4 

109.2 

83.9 

93.4 

107.5 

104.1 

114.2 

96. 2 

U.2 

104.8 

103.0 

120.2 

106.8 

92.1 

104.9 

93.8 

120.1 

105.9 

94.2 

•        101.6 

! 

1 

The  author  concludes  that  if  the  increasing  reforestation  at  Lintzel  had  no  influ- 
ence on  the  amount  of  rainfall,  the  figures  for  Lintzel  should  have  been  nearly  in 
constant  proportion  to  those  for  the  other  stations,  while  from  the  percentage  table 
it  appears  that  with  reference  to  neighboring  stations  the  precipitation  at  Lintzel  has 
increased  with  the  increasing  forest  growth.  The  differences  in  the  last  years  are 
not  eo  apparent,  because  the  values  could  not  be  properly  equalized.  It  is,  however, 
undoubtedly  proved  that  at  the  beginning  of  observations  the  rainfall  at  Lintzel  was 
le^s  than  at  any  of  the  neighlK)ring  stations,  and  that  subsequently  it.increase^l  from 
year  to  year  until  it  was  in  excess  of  the  other  stations,  except  at  Hamburg. 

Comparing  the  rainfall  at  Lintzel  with  that  of  the  other  stations,  and  calculating 
it  as  percentage  of  the  mean  rainfall  of  the  latter,  the  following  series  is  obtained: 

Per  cent. 

1882 81.8 

1883 86.  3 

1884 95. 2 

1 885 99. 8 

1886 100. 6 

1887 103.7 

1888 103. 9 

This  constant  increase,  going  hand  in  hand  with  the  increa.<e  of  forest  cover  in 
extent  and  height,  leaves  hardly  any  doubt  as  to  the  close  relation  of  the  two  condi- 
tions.—B.  K.  F. 
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To  eliminate  this^,  compaiv  the  i-tations  mentioned  with  other  German 
stationis  of  about  the  same  eleva*v)n.  For  tliis  purposse  the  rainfalls  at 
192  stations  given  by  Dr.  van  Bebber  were  used,  and  these  and  the 
previous  ones  were  combined  for  eaeh  hundred  meters. 


Elerationii.  ^}^!^J?*      100-2l«().      3(K)-1CK).      HOO-TOO.      ICKM^Oti.      mO-l(J00. 


1-lUU. 


I 


Avenijfe  from  forest  field  fttatlon 2.'».  8 

A veraire  frt»m  Van  Bebl)er 2r». ."» 

Siirplui*  for  forests -^  0. 3 

Percentage  of  surplus 1.0 


Inrfiff. 

iHC/lff. 

Inrh' .". 

Inrhm. 

•2li.2  1 

29.4 

42. 9 

.v>.  r> 

22.9 

27.4 

'M\.0 

:vs.»i 

+  3.3  1 

+  2.0 

-t-   ti.9 

+  1H.9 

14.0  1 

7.0 

19.0 

44.0 

(W.9 
3S.0 
+31. 9, 
H4.0 


This  comparison  throws  some  light  not  only  on  the  amount  of  sur- 
plus over  woods,  but  on  the  distribution  of  it.  It  inrreast^s  rapidly 
with  the  elcA'ation.  For  328  feet  (99.9  m.)  or  under,  it  is  but  1  per  cent; 
from  this  to  1,B(K)  feet  (896  m.)  it  is  7  to  14  per  cent:  between  1,950 
(594  m.)  and  2,270  feet  (H92  m.)  it  is  19  per  cent:  between  2,270  (692  m.) 
and  2,628  feet  (801  m.)  it  is  44  per  cent;  and  above  the  last  the  sur- 
plus appears  to  be  84  per  cent,  or  the  precipitation  over  forests  is 
nearlv  doubled. 

It  is  easy  to  show  that,  in  general,  heavily  wooded  districts  have  a 
high  rainfall,  as  compared  to  similar  districts  without  forests.  This 
is  notablv  true  in  India,  as  shown  bv  Dr.  Brandis  and  others.  It  is 
enough  to  saj^  that  the  heaviest  known  rainfall  occurs  in  one  of  the 
densest  and  most  extensive  known  forests,  that  of  the  middle  and 
lower  Brahmaputra.  But  in  all  these  cases  it  is  more  proba})le  that 
the  forest  exists  because  of  the  rainfall,  rather  than  rin  rr/w/.  A 
case  which  is  more  favorable  to  the  influence  of  forests  on  rainfall  is 
given  by  Dr.  Woeikotf,  depending  on  the  rainfall  distribution  on  Java 
and  Celebes.  Java  has  extended  and  dense  forests  in  the  south  and  in 
the  southwestern  interior:  while  the  north  coast  has  been  largely  defor- 
ested. The  station  Tjilatjap  on  the  south  coast  is  at  a  distance  from 
mountains.  Its  annual  riinfall  is  1S2.3  inches  (4,630  mm.).  That  for 
three  stations  on  the  north  coast  (Batavia,  Tegal,  and  Samaning)  is 
78.4  inches  (1,991  mm.)  or  43  percent  onh'.  In  this  region  the  north 
side  of  the  islands  is  the  weather  side  for  the  northwest  monsoons  and 
should  have,  at  least  from  December  to  March,  more  rain  than  the 
south  side,  because  this  wind  descends  to  reach  the  latter.  As  a  mat- 
ter of  fact  there  falls  in  these  months — 

At  Tjilatjap 45.7  inches  (1,161  mm.) 

At  the  north  coast  stations 43.3  inches  (1,100  mm.) 

or  almost  as  much  on  the  lee  side  as  on  the  windward,  while  there 
should  be  very  much  less  on  the  latter. 


116  FOREST   INFLUENCES. 

Celebes,  where  there  is  no  such  deforesting,  gives  the  normal  annual 
values: 

Celebes: 

Northern  peninsula — windwanl,  110.6  inches  (2,809  mm.);    lee,  55.1  inches 

(1,399  mm.). 
Southwestern  peninsula — windward,  136.2  inches  (3,458  mm.);  lee,  100.0 inches 
(2,540  mm.). 
West  Central  Java: 

Windward,  78.4  inches  (1,991  nmi.);  lee,  182.3  inches  (4,630  mm.). 

It  appears  that  in  Celebes  the  windward  side  has  a  notably  higher 
rainfall  than  the  lee  side,  while  in  Java  it  is  reversed.  Is  this  not  due 
to  the  relative  lack  of  forest  growth  on  the  north  side  of  Java?  Where 
forest  growth  exists  the  rainfall  is  higher,  even  there.  For  instance, 
at  Lormadjang,  in  a  densely  wooded  level  area,  the  annual  rainfall  is 
73.7  inches  (1,872  mm.),  while  at  the  two  nearest  stations  on  the  same 
side  it  is  only  46.9  inches  (1,191  mm.). 

The  literature  of  the  historical  treatment  of  this  problem  is  very 
great,  and  the  most  extreme  and  absurd  opinions  can  be  found  registered 
in  it.  It  usually  suffers  under  the  objection,  first  of  imperfect  data  at 
the  beginning,  and  always  under  that  of  uncertainty  as  to  the  cause  of 
anv  variation  of  rainfall  which  mav  be  found. 

The  argument  founded  on  chanjjes  in  reef  ions  mentioned  bv  ancient 
writers  deserves  consideration  only  to  point  out  its  extreme  unreliabil- 
ity. The  condition  of  the  countries  in  question  at  the  beginning  of  the 
comparison  is  based  on  incidental  references  in  the  classics  which  are 
not  only  incomplete,  but  which  are  usualh-  in  ambiguous  terms.  The 
classical  terms  for  forest  have  an  extensive  range  of  meaning,  as  will 
be  seen  by  reference  to  any  classical  dictionary,  greater  than  that  of 
our  word  forest,  which  is  used  in  law  English  to  designate  areas  which 
now  have  no  woods,  and  in  some  cases  there  is  no  evidence  that  they 
ever  had  any. 

Much  more  trustworthy  are  the  more  modern  cases  which  depend  on 
meteorological  observations;  but  in  these  the  earlier  observations  are 
not  so  trustworthy  as  to  give  assurance  that  any  differences  found  are 
not  the  result  of  imperfect  observations.  The  writer  endeavored,  some 
years  ago,  to  show  that  along  the  parallels  of  latitude  -10^  and  42^  in 
the  Mississippi  Valley  the  lines  of  higher  rainfall  were  moving  slowly 
westward  with  the  advance  of  settlements,  but  it  was  abundantly 
shown  that  the  sparseh'  scattered  earlier  observations  were  quite 
un  trust  worth  V. 

ft. 

There  is  one  further  case,  which  is  quoted  by  Dr.  Brandis,  for  India. 
In  the  part  of  the  central  provinces  between  the  Nerbudda  River  and 
Nagpur  and  Rajpur,  embracing  a  part  of  the  Satpura  range  of  moun- 
tains, much  attention  has  been  paid  for  seveml  years  to  the  care  of  the 
forests,  and  specially  to  protection  against  forest  tires.  In  consequence 
a  large  territory,  with  scattered  tree  growth  or  entirely  treeless,  has 
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been  covered  with  a  dense  growth  of  young  trees.     Over  this  region 
the  rainfall  has  been  as  follows,  at  the  stiitions  named: 


l^>» mid  before.  j^-g        Percent 

-  t<.  of 

Years.        annu"i        ^^^-     |  in^reiu^e. 


Inchff.  Inchr^. 

Badnnr 1S67-1S75  39.i*3  47.^3'  20 

Chindwani l>*6o-lS70  ]  41. 43  48.  as  17 

Sconi '  IStyV-lH?.!  I  52.07  W.76  6 

Mandla 1W7-1S75  I  ft3.5s  W.32  6 

Burha lS(i7-1875  j  64.51  71.65,  11 

BilH.*pur Is*i:)-1H75  I  41.  S5  M.81  ,  21 

Rajpur 1866-1875  51.59  64.41  5 


Annual  average 49. 27  55. 47  13 


From  the  37-3'ear  series  of  observations  at  Nagpur,  and  the  40- year 
series  at  Jubbulpore,  on  the  north  side  of  the  Satpuras,  it  appears  that 
the  probable  error  of  a  10-year  series  of  observations  is  5  per  cent. 
Further,  it  appears  from  the  combination  of  rainfall  observations  in 
India  that  in  1876-1885  the  i-ainfall  was  0.06  inch  (17  mm.)  greater 
than  in  186f>-1875. 

If  one  half  of  the  above  difference  be  attributed  to  error  and  to  a 
general  increase  of  rainfall,  there  yet  remains  an  appreciable  addition 
which  might  be  attributed  to  the  growing  forest.  At  least  it  may  be 
taken  as  an  indication  which,  combined  with  the  results  of  observations 
above  trees,  makes  a  good  presumption  that  a  forest  does  actually 
increase  the  minfall  by  an  appreciable  percentage.  It  should  be  noted 
that  the  forest  fires  practically  ceased  before  1865,  and  that  at  that  date 
the  forest  growth  had  been  fairl v  started  over  small  surfaces.     Bv  1875 

^7  •  ft- 

it  had  extended  over  a  surface  of  about  1,000  square  miles.* 

*XoTE. — It  seems  appropriate  in  this  connection  to  quote  the  following  extract  from 
Mr.  Femow's  annual  report  for  188S: 

"Blandford,  who  has  recorded  the.^e  observations  in  the  above  manner,  adds  that 
these  result^",  of  themselves,  are  not  proof  absolute  for  the  influence  of  forest  preser- 
vation, since  i)os8ibly  the  earlier  observations  were  less  reliable  than  the  later,  but 
that  these  observations  may  l)e  considered  as  addenda  to  the  accumulating  signs  of 
the  existence  of  such  influence  on  rainfall. 

**Buteven  this  method,  which  would  class  with  my  retail  methods,  although 
seemingly  simple,  before  it  can  be  admitted  as  conclusive,  must,  as  the  writer  says, 
be  guarded  by  those  sjiecial  precautions  which  are  demanded  by  strict  scientific 
inquiry. 

**The  above  figures  were  hailed  with  satisfaction  by  those  who  are  bound  to  prove 
bv  statistics  the  forest  influence  on  rainfall. 

**  Unfortunately,  as  this  report  goes  to  press,  their  value  is  entirely  vitiated  by  the 
following  statements  made  in  the  Indian  Forester,  January,  1889,  which  again  ad- 
monishes us  to  be  careful  in  j)lacing  too  much  weight  on  statistics. 

**Mr.  Blandford,  in  order  to  assure  himself  of  the  value  of  the  rainfall  returns  he 
employed  in  the  discussion  of  the  Central  Provinces,  wrote  to  the  chief  commissioner 
on  the  subject,  to  which  the  reply  was  received  that  'the  chief  commissi(mer  fears 
that  the*«e  reconls  of  rainfall  i)revious  to  1883  can  not  be  accepted  as  altogether  reli- 
able. '     The  commissioner  explains  the  reasons  why  the  records  api)ear  unreliable,  and 
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The  >»aljince  of  waters  in  forest  regions  can  not  he  made  up  until 
there  is  greater  certainty  a.•^  to  tlie  precipitation  over  forests. 

It  has  already  been  shown  that  the  forest  preserves  a  oonsidemblc 
proportion  of  the  waters  which  reach  its  soil.  This  is  due,  for  the 
most  part,  to  its  lessened  evaporation,  and  this  alone  would  account  for 
the  moisture  of  forest  soil,  for  the  preservation  of  bodies  of  water, 
and  of  perennial  springs  in  regions  of  dense  forest.  If  the  forest  also 
condenses  more  moisture  from  the  air,  then  the  same  cflfects  would  fol- 
low in  regions  more  lightl}"^  clothed  with  woods. 

FOUESTS,  WIXD,  AND  STORMS. 

There  remain  a  few  points  of  more  or  less  interest,  which  have 
received  considenible  discussion,  but  have  not  been  the  object  of  sys- 
tematic observation.  Among  these  is  the  windbreak  effect  of  the 
forests.  Like  any  other  elevation  above  the  surface,  the  forest  pro- 
tects from  the  wind  objects  which  are  in  its  lee,  and,  over  a  ver\'  much 
smaller  area,  those  which  arc  on  its  windward  side.  The  outlines  of 
the  protected  area  are  defined  by  the  outlines  of  a  snowbank  before  and 
behind  a  fence.  A  section  is  given  in  the  accompanying  figure,  where 
^1  B  is  the  fence,  W  the  snow  to  the  windward  of  it,  L  thwt  to  leeward. 
The  windward  protection  is  so  small  as  not  to  deserve  discussion  in 
this  connection.  As  to  the  leeward  protection,  the  chief  point  of  inter- 
est is  the  length  of  the  line  ^  C  as  compared  with  the  height  A  B^  or 

adds:  '  Hence  one  rei^ult  of  the  unsystematic  rejristration  of  the  rainfall  in  the  Cen- 
tral Provinces  is  to  i)osti>one  the  decision  of  the  influence  of  forests  on  rainfall  in  that 
area  for  another  twenty  years.  It  is  only  one  of  the  many  cases  of  the  worthlessness 
of  unsystematic  observations.' " 
It  is  of  interest  also  to  note  the  following  from  the  same  source: 
**  In  the  foUowinvf  extract  from  the  same  report  Mr.  Eliot  refers  to  the  observations 
recently  undertaken  in  the  forests  of  the  Saharunpoor  district.  For  the  reader  un- 
acquainted with  the  Western  Himalayas  it  is  necessary  to  explain  that  a  r«o  is  a 
water  course  issuing  from  the  hills,  and  having,  generally,  a  broad,  shallow  bed, 
which  consists  mainly  of  l)owMders  and  shingle,  and  is  therefore  quite  dry  or  almost 
dry,  except  after  a  cuiitinuous  heavy  shower.  Mr.  Eliot  has  not  mentioned  that  in 
each  rau  levels  are  accurately  taken  every  year  along  one  and  the  same  line,  in  onier 
to  note  the  changes  that  may  occur  in  the  section  of  the  rao  in  consequence  of  the 
fire  conservancv  of  the  entire  basin  above. 

"A  different  method  hiis  been  introduce*!  in  the  Saharunpoor  forest  division. 
Twelve  representative  mo.-*,  l)etween  the  (Ganges  and  J unma  rivers,  have  been  selected 
for  purposes  of  observation  by  the  inspector-general  of  forests  and  conservator  of 
the  school  circle,  and  in  each  forest  chowki  a  rain  guage  is  suitably  placed.  Five 
of  them  are  located  in  the  forest  oi  Sakrauda,  which  is  neither  clo.sed  to  grazing  nor 
protected  from  tire.  The  rainfall  measurements  will  l)e  made  by  the  forest  guard.«i, 
and  the  returns  submitted  to  the  mett*orological  department  for  critical  examina- 
tion. These  observations  will  probably  give  a  valuable  series  of  data  for  testing 
the  effect  of  different  forest  conditions  in  modifying  the  amount  of  minfall,  and 
hence  also  pro!)ably  throw  some  light  on  the  general  <]uestion  of  the  influence  of 
afforestation  on  rainfall." 
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the  i-atio  of  the  width  of  the  protected  strip  to  the  height  of  the  obstruc- 
tion. M.  Becquerel  says  that  in  the  Rhone  Valley  a  hedge  "2  meters 
(0  feet)  high  will  protect  delicate  garden  plants  to  a  distance  of  22 
meters  (70  feet).  This  is  a  ratio  of  1  to  11,  and  this  ratio  is  about  that 
g-i  ven  in  the  following  crises  gleaned  from  Dr.  Hough's  report  on  fores- 
try- for  18S7.  Judge  Whiting,  of  Iowa,  is  quoted  as  saying  that  this 
protection,  "with  almost  mathematical  precision,  amounts  to  1  rod  on 
the  ground  to  each  foot  of  height'"  of  the  protecting  trees.  This  is  a 
ratio  of  10  to  165.  Mr.  Barnard,  of  Pawnee  County,  Ne])raska,  stated 
that  a  windbreak  will  protect  an  orchard  a  rod  for  every  foot  in  height, 
but  Prof.  Thomson  wanted  trees  25  feet  high  for  every  10  rods  of  pro- 
tection. The  two  latter  cases  relate  to  orchards  which  rise  10  or  20 
feet  above  the  surface.  A  probable  estimate  is  that  the  forest  creates  a 
calm  area  on  its  leaward  side,  which  is,  at  the  ground,  ten  to  fifteen  times 
as  wide  as  the  forest  is  high.     The  protected  area  has  the  same  relations 


Fig.  67. — Sno\vl)Ank  before  and  behind  a  fence. 

to  temperature  that  a  glade  has.  The  air  is  relativel}'  stagnant,  and 
temperatures  rise  higher  in  the  direct  sun's  rays  and  fall  lower  on  clear 
nights.  Evaporation  is  also  somewhat  decreased  in  this  space,  but  its 
chief  advantage  is  found  in  the  protection  from  injurious  cold  or  dry 
winds.  The  rough  surface  of  the  forest  must  also  decrease  the  velocity 
of  the  wind,  with  the  result  of  affecting  the  character  of  a  storm  which 
passes  over  it,  especially  if  the  storm  be  small  or  local.  Dr.  Waldo 
has  given  two  interesting  cases  where  the  results  are  due  undoubtedly 
to  several  causes,  one  being  the  retarding  effect  on  the  wind  of  a  sur- 
face of  city  buildings.  At  both  New  York  and  Boston  there  are  three 
meteorological  stations,  one  out  in  the  harbor,  the  second  in  the  city, 
the  third  fairly  beyond  the  city  (Central  Park  and  Cambridge).  The 
mean  velocities  at  these  three  stations  in  order  are,  in  percentages: 


New  York 
Boston  ... 


Harbor. 


1.00 
1.00 


Citv.      Suburbs. 


0.67 
0.67 


0.37 
0.:i3 


The  reduction  of  the  velocities  as  one  goes  inland  through  the  city 
is  remarkable,  and  something  similar  may  be  expected  for  a  wind  pass- 
ing  over  a  foreist. 
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As  tho  interior  air  of  the  forest  is  generally  cooler,  in  the  warm  sea- 
son, than  the  air  outside,  it  must  be  heavier,  and  the  difference  of  tem- 
perature must  be  often  so  great  that  the  heavier  air  will  overcome  the 


Fig.  58.— Forest  circulaiion. 


obstacles  to  its  flow  and  gradually  pour  out  near  the  ground.  Its  place 
will  be  taken  by  the  air  above  which  will  settle,  and  thus  there  may 
be  set  up  a  forest  circulation,  as  represented  in  the  figure  (Fig.  5  >), 


Fio.  59. — Day  circulation. 


exactly  corresponding  to  such  a  system  of  winds  as  i;^  found  in  land  or 
sea  breezes,  or  may  be  found  over  a  lake  at  night. 

During  clear  nights  the  forest  air  is  genemlly  warmer  than  thatout- 


FiG.  (K).— Night  circulation. 


side.  When  this  happens  a  reverse  circulation  might  be  set  up.  This 
circulation  must  be  slow,  and  though  somewhat  enlarged  on  by  writers 
on  the  subject  seems  never  to  have  been  directly  oV)served. 
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INFLUENCE   OF   FORESTS  ON    FOGS  AND   CLOUDS. 

The  influence  of  forests  on  fogs  and  clouds  has  been  frequently  men- 
tioned, and  observed  in  single  cases.  The  fog  seems  to  linger  in  the 
woods  after  it  has  cleared  off  elsewhere.  Trees  also  act  as  condens- 
ers,* as  gatherers  of  dew,  hoarfrost,  and  ice,  and  the  latter  phenome- 
non is  especially  remarkable  in  the  so-called  ice-storms,  where  the  ac- 
cumulation is  so  great  as  to  overload  and  break  the  larger  liml)s  and 
branches.  In  these  cases,  however,  the  tree  acts  like  inorganic  bodies. 
This  is  illustrated  by  a  celebrated  case  on  the  island  of  Ascension,  the 
details  of  which  are  due  to  Prof.  Cleveland  Abbe,  who  in  1890  per- 
sonally inspected  the  phenomenon.  This  case  is  especially  worth  quot- 
ing because  its  records  have  been  so  badly  understood.  The  principal 
water  supply  for  the  garrison  of  this  naval  station  is  gathered  several 
miles  away,  at  the  summit  of  Green  Mountain,  the  upper  part  of  which 
has  always  been  green  with  verdure  since  the  island  was  discovered; 
almost  all  of  this  water  comes  from  slight  showers  and  steady  dripping 
of  trees  enveloped  in  cloud-fog  on  the  windward  side  of  the  mountain. 
Every  exposed  object  contributes  its  drip;  these  do  not  condense  the 
water;  the}*  simply  collect  it  mechanically  after  it  has  been  condensed 
in  the  uprising  cooling  air.  Whatever  fog-drops  are  not  thus  collected 
sweep  on  over  the  mountain  and  quickly  evaporate  again.  Thirty  years 
ago  or  more  efforts  were  made  to  plant  a  few  trees  in  the  arid  spot  at 
the  garrison  landing;  none  survived,  but  some  few  new  shrubs  were 
added  to  the  flora  of  the  mountain  top;  extensive  additions  were  also 
made  to  the  mountain  reservoirs  and  drip  collectors  and  pipes  of  the 
aqueduct  system.  The  few  artificial  scrubby  plants  have  had  no  influ- 
ence whatever  in  increasing  the  water  supply. 

INFLUENCE   OF   FORESTS   ON   HAILSTORMS   AND   BLIZZARDS. 

M.  Becquerel  found,  by  a  careful  study  of  the  destructive  hailstorms 
in  some  of  the  departments  of  Centml  France,  that  these  storms  show 
a  marked  disinclination  to  enter  forests.  On  the  maps  of  the  depart 
ments  studied  by  him  he  has  marked  the  severe  storms  by  spots  of  color. 
A  glance  at  the  maps  shows  how  persistently  the  colors  keep  outside 
the  forests,  especially  the  larger  ones.  To  controvert  these  views, 
cases  of  hailstorms  in  forests  have  frequently  been  pointed  out,  but  the 
question  is  not  of  absolute  but  of  relative  immunity  of  forests  from 
severe  hailstorms,  and  that  these  cases  do  not  affect.  The  subject  re- 
mains where  it  was  left  by  M.  Becquerel.  It  still  appears  proven  that 
in  Central  France  hailstorms  avoid  forests. 

Many  other  relations  of  forests  to  storms  have  been  suspected  and 
advocated.     For  instance,  that  the  storm  precipitation  is  more  intense 

*8oe  p.  124  of  this  bulletin. 
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over  prairies,  that  the  heav}-  windstorms — such  as  blizzards — do  not 
long  survive  the  traverse  across  a  forest  area,  etc.,  but  these  relations 
still  remain  in  the  condition  of  hypotheses  only.  Forests  also  have 
broad  and  important  relations  to  the  flow  of  water  on  the  surface,  to 
the  protection  of  movable  soils,  and  to  many  other  features  of  practical 
importance.  These  are  matters  for  discussion  by  engineers  rather 
than  b}'  meteorologists. 


Ill— RELATION  OF  FORESTS  TO  AVATER  SUPPLIES. 


Bv  B.  E.  Fernow. 


THE  TOTAIi  WATER  SUPPT^Y. 

The  water  capital  of  the  earth  consists  of  two  parts,  the  fixed  capital 
and  the  circulating  capital.  The  first  is  represented  not  only  in  the 
waters  on  the  earth,  but  also  by  the  amount  of  water  which  remains 
suspended  in  the  atmosphere,  being  part  of  the  original  atmospheric 
water  masses  which,  after  the  rest  had  fallen  to  the  cooled  earth,  re- 
mained suspended  and  is  never  precipitated. 

TTie  circulating  water  capital  is  that  part  which  is  evaporated  from 
water  surfaces,  from  the  soil,  from  vegetation,  and  which,  after  having 
temporarily  been  held  by  the  atmosphere  in  quantities  locally  varying 
according  to  the  variations  in  temperature,  is  returned  again  to  the 
earth  by  precipitation  in  rain,  snow,  and  dew.  There  it  is  evaporated 
again,  either  immediately  or  after  having  percolated  through  the  soil 
and  been  retained  for  a  shorter  or  longer  time  before  being  returned  to 
the  surface,  or,  without  such  percolation,  it  runs  through  open  chan- 
nels to  the  rivers  and  seas,  continually  returning  in  part  into  the 
atmosphere  by  evaporation.  Pi*acticall3%  then,  the  total  amount  of 
water  capital  remains  constant;  onl}'  one  part  of  it — the  circulating  cap- 
ital— changes  in  varying  quantities  its  location,  and  is  of  interest  to  us 
more  with  reference  to  its  local  distribution  and  the  channels  bv  which 
it  becomes  available  for  human  use  and  vegetation  than  with  reference 
to  its  practically  unchanged  total  quantity. 

As  to  the  amount  of  this  circulating  water  capital  we  have  very 
imperfect  knowledge;  in  many  cases  an  approximate  estimate  of  the 
amount  circulating  in  any  given  area  can  not  be  satisfactorily  made 
with  the  means  of  measurement* at  command,  for  often  the  precipitation 
is  so  unevenly  distributed,  a^  in  the  case  of  local  thunderstorms,  that 
two  rain  gauges  a  short  distance  apart  collect  varying  amounts;  hence 
a  record  from  one  gauge  alone  would  give  a  very  erroneous  idea  of  the 
rainfall  over  the  entire  area.  Furthermore,  when  improperly  situated 
or  exposed  to  high  winds  a  i*ain  gauge  ma}^  furnish  quite  inaccurate 
records,  and  in  the  majority  of  cases  the  amounts  collected  by  the 
gauge  will  be  insufficient.  .  (See  Prof.  Abbe's  paper  in  this  bulletin.) 
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A  singular  illustration  of  these  errors  is  presented  in  a  hydrographic 
investigation  of  the  river  Rhone  and  its  watershed.  While  the  amount 
of  annual  discharge  of  the  river  corresponds  to  a  i*ainfall  of  44  inches 
over  the  watershed,  the  i-ainf all  records  themselves  for  a  certain  period 
gave  a  precipitation  of  only  27.6  inches.  Even  the  close  estimate  of 
the  waters  of  the  Upper  Elbe,  according  to  which  they  drain  one-fourtn 
of  the  total  rainfall,  calculated  by  the  ingenious  methods  of  Prof.  Stud- 
nicka,  does  not  inspire  confidence.  The  attempts  of  the  United  States 
Weather  Bureau  to  relate  river  stages  to  rainfall  measurements  have 
also  so  far  failed  to  yield  satisfactory  results.  Again,  much  of  the  mois- 
ture which  is  condensed  and  precipitated  in  dews  escapes  our  obser\'a- 
tion,  or  at  least  our  measurements,  entirely  ;*  this  is,  however,  so  small 
a  quantity  that  it  may  be  neglected  in  its  relation  to  the  total  precipi- 
tation. 

Late  investigations  have  brought  convincing  proof  not  only  that  the 
amount  of  dew  is  much  smaller  than  was  supposed,  but  also  that  the 
larger  part  of  the  deposit  is  derived  from  the  moisture  of  the  soil  and 
not  from  that  of  the  atmosphere;  that,  therefore,  dew  formation  in 
many  cases  can  not  be  considered  an  additional  water  supply,  but 
rather  an  element  of  dissipation.  While  G.  Dines  calculated  the 
annual  amount  of  dew  at  best  equivalent  to  38  mm.  rainfall  as  against 
127  mm.,  as  formerly  estimated  for  England,  Wollny,  upon  careful 
measurements,  calculated  it  for  Munich  at  28  to  32  mm.,  or  less  than  3i 
pi»r  cent  of  the  total  rainfall.  The  theories  regarding  dew  formation, 
according  to  which  the  moisture  is  deposited  from  the  atmosphere  in  a 
manner  corresponding  to  the  familiar  phenomenon  on  the  ice  pitcher, 
which  was  first  antagonized  in  1833  In'  Gerster  and  later  by  others, 
among  them  our  countr3'man,  Stockbridge,  seem  in  part  at  least  incom- 
plete and  needing  revision. 

The  distribution  of  the  circulating  water  capital  is  influenced  by 
various  agencies.  The  main  factor  which  sets  the  capital  afloat  is  the 
sun,  which,  by  its  heat  and  the  air  currents  caused  by  it,  produces  the 
evaporation  which  tills  the  atmosphere  with  vapor.  Anything,  there- 
fore, that  influences  the  intensity  of  insolation  or  obstructs  the  passage 
of  winds  must  influence  the  local  distribution  of  the  water  capital,  and 
hence  a  for:st  cover,  which  withdraws  a  portion  of  the  soil  from  the 

*A  few  exi)erinu'nts  on  condenHatioii  of  a<iiieous  vapor  made  by  L.  Hampel  with 

forept-tree  leaves  are  of  interest: 

**  Centigramw. 

Austrian  pine  (four  needles)  eondensiMl  jx'r  day  in  the  average 4.  84 

Linden  (one  leaf)  condensed  per  day  in  the  average - 24.40 

Oak  (one  leaf)  condensed  per  day  in  the  average 25.56 

Spruce  (abranchlet)  condensed  per  day  in  the  average 9.80 

The  linden,  of  which  one  leaf  condensed  24.40  centigrams  of  dew,  had  1,763  leaves. 
It  would,  therefore,  if  all  leaves  had  done  the  same,  which  is,  to  be  sore,  not  the 
case,  have  condensed  -IIJO  grams  (nearly  1  poun<l). 

On  grass  the  amount  of  dew  per  year  was  found  ])y  0.  Dines  to  be  27  millimeters; 
1.  f.,  if  collected  an  amount  corresponding  to  27  millimetei'H  (over  1  inch)  height  of 
water  would  have  resulted. 
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influence  of  sun  and  wind,  must  have  an  influence,  however  small,  on 
the  local  water  conditions,  which  may  or  may  not  become  appreciable 
in  human  economy. 

The  ([uestion  of  forest  influence  on  water  supplies  may  be  considered 
under  three  heads,  namely:  (1)  Influence  upon  precipitation  or  upon 
the  distribution  of  atmospheric  water;  (2)  influence  upon  the  disposal 
and  conservation  of  available  water  supplies;  (3)  influence  upon  the 
'* run-off-'  or  the  distribution  of  terrestrial  waters.  I 

INFLUENCE   OF   FORESTS   UPON    PRECIPITATION.  i 

I 

The  question  whether  forest  cover  has  or  has  not  an  influence  upon 
the  quantity  of  rain  or  snow  that  will  fall  over  a  given  area  is  discussed 
at  length  on  pp.  111-117  of  this  bulletin  and  also  upon  additional 
data  in  my  annual  report  for  1888.  It  may  suflSce,  therefore,  to  state 
only  the  conclusions  which  may  fairh^  be  drawn  from  our  present 
knowledge  and  experience: 

(1)  Finding  the  air  strata  above  forest  stations  moister  and  cooler, 
although  only  slightly  so,  than  over  field  stations,  we  would  infer  that 
the  tendency  to  condensation  over  wooded  areas  might  be  greater  than 
over  open  fields.  Experience  and  measurements  seem  to  sustain  this 
reasoning. 

(2)  These  cooler  and  relatively  as  well  as  absolutely  moister  air  strata 
carried  away  by  air  currents  must  modify  conditions  near  the  forest 
and  possibly  increase  in  its  neighborhood  also  the  tendency  to  forma- 
tion of  dew  and  to  other  precipitation  under  certain  conditions. 

(3)  While  the  forest  may  not  eveiy  where  increase  precipitation  over 
its  own  area  and  near  it,  j'et  the  presumption  is  that  large  sj^stems  of 
forest  growth  over  extensive  areas  alternating  with  open  fields  may 
establish  sufficient  differences  in  temperature  and  moisture  conditions 
and  in  air  currents  to  modify,  if  not  in  quantity  yet  in  timel}'  and 
local  distribution,  the  fall. 

(4)  It  must  not  be  overlooked  that  the  extent,  density,  height,  and 
composition,  and  relative  position  of  the  forest  in  making  it  a  climatic 
factor  are  important  conditions,  and  furthermore  that  there  are  certain 
rain  conditions  prev^ailing  in  climatic  zones  (rainy  or  rain-poor  locali- 
ties, with  periodical,  seasonal,  or  irregular  rains)  which  are  due  to  cosmic 
influences  and  can  not  be  altered,  3^etmay  be  locally  modified  by  forest 
cover.  Hence  experience  in  one  climatic  zone  or  under  one  set  of  con- 
ditions can  not  be  utilized  for  deductions  in  another. 

(5)  Altogether  the  question  of  appreciable  forest  influence  upon  pre- 
cipitation must  be  considered  as  still  unsolved,  with  some  indications, 
however,  of  its  existence  under  certain  climatic  and  topographical  con- 
ditions in  the  temperate  zone,  especially'  toward  the  end  of  winter  and 
beginning  of  spring. 

As  one  of  the  most  striking  examples  of  an  increase  of  precipitation, 
seemingly  due  to  forest  planting,  the  experience  at  Lintzel,  on  the  Liin^ 
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burg  heath,  ma}'  be  recalled,  where,  with  a  definite  increase  in  forest 
conditions  over  an  area  of  25  square  miles,  a  regular  definite  increase 
in  rainfall  beyond  that  of  neighboring  stations  to  the  extent  of  22  per 
cent  within  six  years  was  observed,  and  a  change  from  a  deficiency  to 
a  considerable  excess  over  the  rainfall  of  these  other  stations. 


RESULTS  OF  OBSERVATIONS   NEAR   NANCY,   FRANCE. 

The  following  observations  were  made  at  two  stations  in  the  neighbor- 
hood of  Nancy,  France.  The  instruments  and  their  disposition  were 
identical  at  the  diflferent  stations.  A  is  a  forest  station ;  C,  a  field  sta- 
tion; B  is  on  the  verge  of  the  forest  and  at  a  lower  level.  The  follow- 
ing table  gives  the  amount  of  rainfall  in  centimeters  for  the  seven 
years  1867,  1868,  and  1872,  1873,  1874,  1875,  and  1876: 


Time  of  observation. 


February  to  April 

I  May  to  July 

'  August  to  October 

November  to  January 

Year 


Station  A 

Station  B 

(forest 

(forest 

glade),  3W 

verge),  240 

meters. 

meters. 

Cin. 

Cm. 

15.9 

16.2 

18.9 

17.1 

20.7 

17.2 

21.2 

18.8 

Station  C 

(field).  380 

meters. 


Cm. 
14.9 
16.6 
15.7 
17.7 


76.7 


69.3 


64.9 


RESl'LTS   OBTAINED    IX   BOHEMIA. 

It  may  also  be  appropriate  here  to  recall  the  method  b}-  which  Dr. 
Studnicka  tried  to  establish  the  influence  of  forest  areas  upon  the  dis- 
tribution of  rainfall,  an  account  of  which  I  reproduce  here  from  my 
report  for  1888: 

The  latest,  mof  t  valuable  pcientiftc;  work  which  has  been  done  to  decide  the  imjwr- 
tant  but  difficult  quention  of  the  influence  of  forests  on  precipitation  is  the  work  of 
Dr.  F.  J.  Studnicka,  professor  of  mathematics  at  the  University  of  Prague,  published 
under  the  title,  *'Ba.«i8  for  a  Hyetography  of  Bohemia/'  in  which  the  results  of 
many  years  of  observation  at  seven^hundred  ombrometric  stations  are  embodied,  criti- 
cally shifte<l,  and  scientifically  con.sidered.  The  author  employs  a  wholesale  method 
which  is  quite  novel,  complying  with  Woeikoff's  idea  that  it  is  necessary  to  reduce 
the  observed  data  to  a  couimon  basis  for  comparison.  To  understand  the  significance 
of  these  observations  an  ins])ection  of  the  map  of  Bohemia  will  ]>e  desirable,  which 
shows  it  to  lie  a  basin  surrounded  on  all  sidas  by  high  mountains. 

The  work  of  ombrometric  observations,  although  l)egim  in  Bohemia  during  the 
last  century,  was  newly  organized  in  1879  or  1880,  when  a  systematic  net  of  ombro- 
metric stations  was  institute<l,  and  in  18S5  and  1886  it  was  extended  to  over  seven 
hundred  stations,  for  the  i)urp()se  of  obtaining  accurate  data  of  the  quantity  and 
<listribution  of  precipitation  over  the  Kingdom.  Uniform  ombrometers  were  used 
and  very  carefully  i)laced.  As  at  present  organized,  there  is  one  station  for  every  75 
s(iuan?  kilometers  (about  30  square  miles).  No  other  country,  I  l)elieve,  can  boast 
such  a  service.  Although  the  time  of  observation  at  most  stations  has  been  short, 
and  tlu*  averages  would  have  been  more  accurately  represented  ])y  an  extension  of 
ob>ervations  for  ten  to  twelve  vears,  vet  the  last  four  vears  of  observations,  for  which 
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all  stations  furnish  data,  accordinjr  to  the  author,  represent  two  extn»nie  and  two 
average  years,  and  are  therefore  quite  useful. 

The  ver\'  large  mase  of  material  pennitted  a  sifting  out  of  doubtful  ol)t5ervations 
without  impairing  the  number  of  available  ones  for  the  conptniction  of  a  rain  map 
of  Bohemia,  nhowing  by  isohyetal  lines  seven  rain  belts  or  zones;  the  zones  are 
arranged  so  that  the  lowest  shows  less  than  500  mm.  rainfall,  the  thiee  following 
differ  by  100  mm.  each,  the  fifth  and  sixth  by  200  mm., and  the  seventh  by  .300  mm.; 
the  la£4  showing,  therefore,  a  rainfall  of  1,200  to  1,500  mm. 

The  central  basin  divides  itself  into  two  halves  by  a  line  fmm  north  to  south, 
running  somewhat  east  of  the  middle  Moldau,  crossing  the  Elbe  near  the  mouth  of 
the  Iser,  and  following  the  latter  river;  the  western  half  showing  the  smaller  amount 
of  precipitation,  namely,  500  to  600  mm. ;  the  eastern  with  600  to  700 mm.,  continuing 
in  a  small  belt  along  the  foot  of  the  Erzgebirge  and  the  Boehmerwald  encircling  the 
firrt  zone. 

The  other  isohyetal  lines  do  not  embrace  continuous  areas,  but  follow  in  small 
belts  the  trend  of  the  mountains.  The  largest  amounts  of  precipitation  are  found  in 
belts  or  islands  in  the  higher  altitudes  of  the  mountains  which  surround  this  great 
basin.  The  continuity  of  the  zones  is  much  interrupted,  so  that  it  would  be  ditiicult 
to  describe  them  without  a  map. 

The  maximum  of  rainfall,  with  over  1,200  mm.,  is  observed  in  the  south,  near  the 
eources  of  the  Moldau  and  Motawa;  in  the  north,  near  the  sounds  of  the  Elbe,  Iser, 
and  Aupa,  on  the  range  of  the  Schneekoppe.  In  regard  to  the  distribution  through 
the  months,  the  experience  has  been  confirmed  that  with  increasing  al)solute  height 
the  winter  precipitation  increases  in  greater  proportion  than  the  summer  precipita- 
tion, while  those  of  spring  and  autumn  are  nearly  equal. 

Sufficient  material  was  on  hand  from  which  to  calculate  the  influence  of  altitude 
on  the  increase  of  precipitations,  although  for  altitudes  above  500  m.  the  material 
is  not  conBidered  sufficiently  reliable.  Yet  the  general  law  is  well  shown  that  with 
the  altitude  the  quantities  of  precipitation  increase  in  a  retarded  pr()gres.sion. 
This  progression  is  calculated  by  forming  altitude  zones  from  100  to  1,000  m.,  grouj)- 
ing  the  stations  in  each,  calculating  the  mean  elevation  and  also  the  mean  annual 
precipitation  as  observed  for  ea<'h  class;  then  by  dividing  the  difference  of  j)recij)i- 
tation  in  the  neighboring  two  zones  by  the  difference  of  altitude  the  amount  of 
precipitation  which  corresp<mds  to  each  1  m.  elevation  within  that  class  is  found. 
With  this  figure  the  average  amount  of  rainfall  which  theoretically  Ix^longs  to  each 
station  according  to  its  absolute  elevation  can  be  approximated  by  adding  to  or  sub- 
tracting from  the  mean  precipitations  of  the  class  as  many  times  this  amount  as  the 
actual  altitude  differs  from  the  mean. 

An  example  will  make  this  clear:  Tetschen,  for  instance,  is  situated  150  m.  alx>ve 
sea  level.  According  to  the  table  the  average  elevation  of  thirteen  stations  of  the 
lowest  zone,  to  which  Tetschen  l>elong8,  is  182  m.,  with  an  average  precipitation  of 
506mm.  Now,  Tetschen  has  an  elevation  32  m.  lower  than  the  average;  its  normal 
rainfall  should  therefore  be  32x0.79=25.4  mm.  le.-s  than  the  mean  of  the  class; 
hence,  theoretically,  according  to  its  altitude,  the  (luantity  of  rainfall  for  Tetschen 
should  be  506—25.4=480  mm.;  that  is,  248  mm.  less  than  that  actually  found  in  an 
eight  years'  average.  By  using  the  figures  for  the  two  extreme  zones  and  dividing 
by  100  the  mean  increase  of  precipitation  for  every  100  m.  elevaticm  is  found  to  be 
69  mm. 

And  now  comes  the  application  of  this  methml  to  our  proposition.  The  author 
argues  that  if  the  actually  observed  rainfall  differs  considerably  from  the  theoret- 
ically determined,  this  is  an  indication  that  H])ecial  agencies  are  at  work.  He  finds 
now  that  of  the  one  hundred  and  eighty-six  stations  which  he  subjects  to  scrutiny 
(these  offering  the  longest  and  most  tnMworthy  observation),  forty-eight  show  a 
considerable  difference  between  the  observed  and  the  theoretically  exi)ected  rain- 
fall, and  he  finds  also  that  these  stations  are  situated  in  the  most  densely  wooded 
portions  of  the  Kingdom. 
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The  increased  rainfall  on  the  forty-eight  stations  is  j^o  considerable  that  a  suflS- 
cient  quantity  may  without  losing  significance  be  ascribed  to  other  local  t^use**,  as, 
for  instance,  height  and  fonn  of  a  mountain  range  in  front  or  back,  etc.  Beside?, 
the  greater  amounts  of  rainfall  at  these  stations  have  l)een  use<l  in  calculating  the 
averages  for  the  altitude  zones,  magnifying,  therefore,  these  averages  so  that  the 
actually  observed  one  appears  really  smaller  than  if  the  quantities  from  deforested 
and  forest  areas  are  compared. 

Expressed  in  percentages  of  the  height  of  precipitation,  an  increased  rainfall  is 
shown  for  several  localities  in  very  large  quantities,  which  will  allow  considerable 
reductions  lor  other  influences  without  losing  their  significance  for  the  main  proposi- 
tion. Especially  important  ap[)ears  the  fact  relating  to  two  stations  near  the  rain 
minimum,  which  also  shows  this  infiuence  of  the  forest. 

I^stlv,  as  a  matter  of  interest  1  mav  state  that  the  water  balance  is  drawn  for  the 
whole  Kingdom,  which  is  of  special  value  because  the  i)olitical  boundaries  ctnncide 
with  those  of  the  Upper  Ell)e  watershed;  therefore  it  is  easy  to  determine  how 
much  of  the  yearly  rainfall  is  removed  by  the  natural  water  courses.  Acconling  to 
the  calculations  made  for  the  various  zones  by  addition,  the  total  precipitation 
upon  the  area  of  51,955.98  square  kihmieters  (about  20,000  square  miles)  of  the 
Kingdom  is  found  to  be  1^5,898,070  cubic  meters,  of  which  the  Elbe  carries  al)Out  one- 
fourth,  or  8,849,0<37  c.  m.,  to  the  sea.  This  figure  represents  a  mean  rainfall  for  the 
whole  countrv  of  681  mm.,  while  the  mean  of  observation  is  693  mm. 

RESULTS   OK   OBSERVATIONS    IX    INI)I.\    A XI)    BRAZIL. 

The  following  interesting  observations  show  the  remarkable  in- 
fluence of  forest  areas  in  tropical  and  subtropical  countries  (Annual 
Report,  18.S10-     Conditions  in  India  are  exhibited  in  the  following  table: 

Influetice  ofjonM  areas  oa  rainfall  in  India, 
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Kins. 
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1 
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bO 
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54      74 
81      82 

1 
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Name  of  place. 

« 

• 
* 

Cm*. 
1.8 
1.3 
2.5 

10.1 

:«.  6 
30.8 

c 

3 

•-» 

Cma. 
13.3 
12.9 
16.9 
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(M.3 
39. 5 

• 
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Benares 
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30.1 
3 ).  2 
:iO. :? 
29.  t> 

2.'>.  2 
2a.  5 

3:^.3 
S5.2 
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•Ml 

2o.  9 
2:>.  3 

30.  1 
•XI.  7 
29. 2 
'IS.  7 

27.7 
28. 5 

In.  S 
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0.5 
1.0 
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32. 4 
27.8 
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Wo<)<le<l  country: 

(ioalpara 

Si  l>sa(^ur 

,V2 
M 

60 
^2 

7.> 

So 
83 

79 

84 
83 

25.  <S 
40.6 

« 

♦  Mean  of  two  years. 


A  ^liiTu^e  at  this  table  will  show  thiit  the  jmsence  of  mrnds  has  afar  greater  iujitioice 
in  mitigating  the  tnnperatnre  daring  the  hot  and  dnj  months  of  April  and  Mag  than  the 
projimitif  of  the  sea.  The  xa  me  is  true  of  the  rdatire  /<'/////V/j7//,  especially  at  Sibsagar, 
I.  <'.,  in  the  middle  of  t lie  forests.  Most  striking  is  the  eifect  of  the  presence  of  n'oods  in 
the  dimin'dion  of  the  extreme  ma.vinia.  The  gnater  or  less  prorimitg  of  the  s^-a  haa  hut 
little  efiectj  but  as  stton  a^*  tie  reach  the  wooded  regitm  the  e.rtreme  ma.rimmn  falls  9  de- 
gms.  Time  in  1875  the  inaxiimmi  thermometer  did  not  rise  alH>ve  3o.JJ  (U^jjrees  at 
(toalpara,  while  at  Liuknow  there  was  not  a  sin^rle  day  from  March  14  to  JiiYie  22 
<Mi  whicli  a  hiirher  temperature  had  not  ])een  observed.  The  great  humidity  of  the 
air  even  during  the  hot  and  dry  months  of  April  and  May  is  the  cause  why,  in  the 
fniv^is,   the  rains  Ix'gin  early  in  March  and  gradually  increase  in  intensity  until 
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Jnne  or  Jalv,  while  in  the  woodless  plains  of  the  Ganges  the  amount  of  rainfall 
raddenlv  increases  from  May  to  June  or  from  June  to  July. 

The  Amazon  basin. — At  the  present  time  there  are  in  the  basin  of  the  Amazon  four 
stations  where  observations  are  made;  this  river  basin  is  the  most  extensive  forest 
region  on  the  earth.  The  middle  and  upper  portion  of  the  coui-se  of  the  Amazon  i& 
over  1,000  kilometers  distant  from  the  Atlantic  Ocean,  while  it  is  separated  by 
mountains  from  the  Pacific.  Were  it  not  for  the  forests  we  ought  to  expect,  at  this 
distance  from  the  sea  and  so  near  the  equator,  very  high  temperatures  and  great 
dryness.     The  following  table  shows  the  results  of  the  observations: 

Dtfferenre  of  temperatures  of  four  stations  in  the  ftasin  of  the  A  mnzon. 


Name  of  station 


Para* 

Manaos 

Iqaltoe 

Pemambnco  t 

San  Antonio  on  Madeira  River 


Height 

above 

sea. 


Meters. 


37 
95 
3i 


South 
latitude. 


Difltiinoe 


Degrees. 

U 

3 

3* 

8 

9 


Tempemtiire. 


from 

A  tliinti/* 

Annual 

mean. 

Kiloms. 

100 

27.0 

1,150 

*26.1 

2,100 

24.8 

0 

25.7 

1.750 

26.0 

Mean  of 
h(Jttcst 
month. 


Extreme 
maxima. 


Relative 

humidity 

for  the 

year. 


27.7 
27.0 
26.7 
27.1 
27.0 


♦36.7 
33.4 
31.7 


*80 
83 
72 


I 


•Ten  months,  from  October  to  Jul  v. 

fPemambuco  does  not  belong  to  the  Amazon  ba.«in:  itM  mean.s  are  only  given  for  comparison  with 
thfisie  of  Ban  Antonio.  The  shore  line  near  Pemambueo  is  worxled,  but  n  certain  distance  around  the 
city  the  forests  are  cut  down  to  give  way  to  tields  and  sugar-cane  plantations. 

Thus,  owing  to  the  vast  primeval  forests  on  the  Upper  Amazon  and  its  tributaries, 
the  temperature  of  the  hottest  month  and  the  extreme  maximum  are  not  greater  than 
on  the  seacoast,  and  the  extreme  maximum  is  far  from  reaching  the  values  some- 
times ob8er\'e<l  in  middle  latitudes.  It  is  also  to  be  observed  that  there  are  few  re- 
gions on  the  earth  where  the  "Trades"  blow  with  such  violence  as  on  the  coasts  of 
northern  Brazil.  Pernambuco  is  therefore  subject  not  only  to  the  influence  of  the 
8ea  but  also  to  that  of  a  furious  trade  wind.  Along  the  lower  course  of  the  Ama^ 
zon  the  ** Trade"  also  blows  with  great  force;  but  an  soon  as  we  turn  into  the  side 
valley  of  one  of  the  tributaries  runnuig  in  a  southerly  and  northerly  direction  calm 
weather  is  found  to  prevail.  The  height  and  density  of  the  forest  arrests  the  wind. 
There  can  be  no  doubt  that  the  vast  tracts  of  forest  land  on  the  Amazon,  contribut- 
ing to  maintain  the  moisture  of  the  air  and  weaken  its  motion,  increase  the  amount 
of  waterfall.  At  Iquitos  284  centimeters  fall  in  the  course  of  the  year.  It  must  be 
remembered  that  Iquitos  lies  in  a  plain  2,100  kilouieters  from  the  ocean  and  350  from 
the  mountains.  Nowhere  on  the  earth  is  the  rainfall  so  great  under  similar  circum- 
stances. 

8rPI*08ED    INFLUENCE   OF    FORESTS    UPON    HAILSTORMS. 

In  this  connection  the  claimed  influence  of  forest  areas  upon  hail- 
storms may  be  discussed.  While  in  Fmnce  the  conclusion  was  reached 
that  such  influence  existed,  it  is  dou])ted  by  A.  Buhler  (Influence  of 
topogi*aphy  and  forests  on  frequency  of  hailstorms,  1890),  who  discusses 
this  question  on  the  strength  of  observations  over  the  whole  Kingdom 
of  Wurtemberg  through  sixty  years  (1828--87)  in  great  detail.  An  in- 
fluence either  upon  the  frequency,  intensity,  or  course  of  hailstorms,  it 
seems,  could  not  be  established. 

There  is,  however,  in  these  statistics  and  the  conclusions  to  be  de- 
rived therefrom  one  factor  that  must  not  be  overlooked,  and  which  the 
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able  author  does  not  fail  to  observe.  It  is  the  fact  that  these  obser- 
vations refer  to  a  mountainous  region  throughout.  That  means  that  the 
influence  which  the  forest  areas  might  exercise  in  the  distribution  of 
hailstorms  is  vitiated  or  wiped  out  b}-  the  more  potent  influence  of 
slope  and  elevation.  It  is,  therefore,  impossible  to  stud}"  the  isolated 
forest  influence  in  such  regions  where  other  known  but  quantitatively 
undetermined  disturbing  influences  must  be  discounted.  For  such 
studies  the  plain  offers  a  more  satisfactory  field.  The  forest  on  hilly 
or  mountainous  terrain  is  never  effective  by  itself;  it  could,  therefore, 
here  only  be  the  question  whether  it  plays  a  determinative  or  only  a 
subordinate  part.  The  forest  besides  is  not  like  hill  and  mountain,  a 
constant  and  evenly  effective  factor,  since  its  condition  and  in  most 
cases  its  area  is  constjintly  changing.  The  author  also  recognizes  the 
fact  that  his  material  does  not  permit  the  discussion  of  the  practicalh'  im- 
portant question,  whether  and  why,  as  is  often  observed,  haildouds  will 
pass  by  single  fields  or  confined  areas  within  the  general  route  of  the 
storm.  The  careful  observations  of  the  route  and  extent  of  a  hailstorm 
on  June  6, 1891,  in  Thurgau,  Switzerland,  recorded  in  Meteorologische 
Zeitschrift,  1891,  p.  403,  would  also  show  that  at  least  in  this  case,  in 
mountainous  regions  and  with  extraordinarily  violent  hailstorms,  no 
effect  of  forest  distribution  was  noticeable.  The  writer  would  recall 
here  a  case  of  his  own  observation  on  the  North  German  plain,  where 
the  farm  of  one  of  his  relatives  of  5,000  acres  is  on  three  sides  sur- 
rounded by  forest  areas  of  considerable  extent.  The  owner  for  a  long 
series  of  years  has  had  no  damage  from  hail,  while  his  neighbor,  only 
one  mile  outside  of  this  forest-inclosed  district,  reaps  the  benefit  of  his 
hail-insurance  monev  cverv  other  vear. 

INFLUENCE     OF     FORESTS     UPON      THE      DISPOSITION      OF     THE     WATER 

SUPPLY. 

(1)    ELEMENTS   OF   DISSIPATION. 

In  analyzing  the  relation  of  forests  to  the  conservation  of  thewat^r 
supplies,  we  shall  examine  first  the  factors  of  dissipation,  or  those 
which  diminish  the  available  supply.  They  are  represented  in  the 
quantity  of  water  which  is  prevented  by  Interception  from  reaching 
the  ground,  in  the  quantity  dissipated  by  evaporation,  in  the  quan- 
tity used  by  plants  in  their  growth,  and  in  transpiration  during  the 
process  of  growing. 

Interception, 

The  amount  of  rainfall  and  snow  which  is  prevented  by  a  forest 
growth  from  reaching  the  soil  varies  considerably  according  to  the 
nature  of  the  precipitation  and  the  kind  of  trees  which  forni  the  forest 
as  well  as  the  density  and  age  of  the  growth. 

A  light  drizzling  rain  of  short  duration  may  be  almost  entirely  inter- 
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cepted  by  the  foliage  and  at  once  returned  to  the  atmosphere  b}'  evap- 
oration; if,  however,  the  rain  continues,  although  fine,  the  water  will 
run  oflF  at  last  from  the  foliage  and  along  the  trunks.  And  this  amount, 
of  which  the  rain-gauge  takes  no  account,  represents,  according  to 
measurements  from  the  Austrian  stations,  from  8  to  14  per  cent,  thus 
reducing  considerably  the  loss  to  the  soil  by  interception. 

While  the  careful  measurements  at  the  Swiss  stations  in  a  twelve 
years' average  showlhe  interception  in  a  larch  forest  as  15  per  cent,  in 
a  spruce  forest  23  per  cent,  in  a  beech  growth  10  per  cent,  the  figures 
for  the  Prussian  stations  are  for  beech  growth  24  per  cent,  for  spruce 
at  various  stations  22  per  cent,  27  per  cent,  and  34  per  cent,  respectively. 

Altogether,  for  the  rainfall  conditions  of  the  countries  cited,  a  dense 
forest  growth  will,  on  the  average,  intercept  23  per  cent  of  the  precipi- 
tation; but  if  allowance  be  made  for  the  water  running  down  the  trunks, 
this  loss  is  reduced  to  not  more  than  12  per  cent.  *  (See  page  100  of  this 
bulletin.) 

According  to  A.  Matthieu's  observations  during  eleven  3'ears  at  Cinq- 
Franchees  (Metdorologie  comparee  agricole  et  forestiere,  1878),  only  8.5 
per  cent  were  retained  b}'  crowns  (5.84  per  cent  in  winter,  11  per  cent 
in  summer).  The  more  exact  observations  of  Riegler  are  compiled  as 
follows: 


species. 


Beech. 
Oak... 
Maple. 
Spruce 


Rain  on 
crown. 


Fell 

through 

thecrown 

upon  soil. 


Litn: 

20,021 

24,273 

36,901 

12,044 


Liter, 
17.  OtW 
17. 873 
26.3H4 
4, 7^3 


Run  off 
trunk. 


Liter. 

3,343 

1,387 

2, 198 

165 


Reached 
8oil  alto- 
gether. 


Lost  by 

evuiK)ra- 

tion. 


Percent- 
ftgeof  rain 
reaching 
f^oil  alto- 
gether. 


Litf  r. 

20.411 

19.2ttO 

28.  .S,v2 

4.958 


Per  i-ent.  i 
21.8 
20.7  . 
22. 5 
f)S.S  I 


78. 2 
79.3 
77.5 
41.2 


The  results  for  spruce  become  vitiated  by  the  fact  that  large  amounts 
of  water  run  oflf  from  the  tips  of  the  branches,  which  have  an  inclina- 
tion away  from  the  trunk,  and  which  could  not  be  measured. 

The  intensitv  of  the  precipitation  and  the  condition  of  foliage  have 
much  to  do  with  the  amounts  reaching  the  soil,  so  that  sometimes  prac- 
tically all  the  rain  reaches  it  and  sometimes  hardly  an}-. 

The  amount  of  interception  in  the  open  growths  which  characterize 

*  The  inaximum  rainfall  obsen^ed  in  Germany  is  4  inches  in  twenty -four  hours  and 
2  inches  in  one  hour.  In  Switzerland  there  has  been  recorded  a  rainfall  of  18  inches 
in  twenty-four  hours,  and  2^  inches  in  three-quarters  of  an  hour.  This  would  equal 
5,000  gallona  per  acre.  Of  such  falls  the  foliage  will  retain  only  an  inappreciable 
amount.  Intensity  of  rainfall  in  the  United  States  becomes  clear  froai  a  few  records: 
Paterson,  N.  J.,  1}  inches  in  8  minutes;  Sandy  Spring,  Md.,  5  inches  in  two  and 
one^half  hours;  Clear  Creek,  Nebr.,  4.50  inches  in  one  hour  and  twenty-seven  min- 
utes; Castroville,  Tex., 6.80  inches  in  twenty-four  hours;  Ellsworth,  N.  C,  13  inches, 
of  which  9  inches  in  three  and  one-half  hours,  and  rainfalls  from  1 J  to  4  inches  per 
twenty- four  hours  are  quite  frequently  reported  in  almost  every  month,  especially  in 
the  Western  States. 
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many  of  our  western  forest  areas  would  be  considerably  smaller,  es- 
pecially as  the  rains  usually  fall  with  great  force,  and  much  of  the  pre- 
cipitation is  in  the  form  of  snow.  Although  branches  and  foliage  catch 
a  goodly  amount  of  this  the  winds  usually  shake  it  down,  and  conse- 
quently but  very  little  snow  is  lost  to  the  ground  by  interception  of  the 
foliage. 

There  is  also  a  certain  amount  of  water  intercepted  by  the  soil  cover 
and  held  back  by  the  soil  itself,  which  must  be  saturated  before  any  of 
it  can  run  off  or  dmin  away.  This  amount,  a  part  of  which  is  eventually 
dissipated  b}'^  evaporation  and  transpiration,  depends,  of  course,  upon 
the  nature  of  the  soil  and  its  cover,  especially  upon  their  capacity  to 
absorb  and  retain  water. 

Altogether  an  appreciable  amount  of  the  precipitation  does  not  run 
off  or  drain  through  the  forest  cover  but  is  retained  by  it;  yet  while  this 
is  apparently  a  loss,  we  shall  see  further  on  that  this  moisture  retained 
in  the  upper  strata  fulfills  an  important  ofiice  in  checking  a  much  greater 
loss  due  to  evaporation,  and  thus  becomes  an  element  of  conservation. 

Evaporation. 

The  loss  by  evaporation,  after  the  water  has  reached  the  ground,  de- 
pends in  the  first  place  upon  the  amount  of  direct  insolation  of  the  soil, 
and  hence  its  temperature,  which  again  influences  the  temperature  of 
the  air.  The  nature  of  the  soil  cover,  the  absolute  amount  of  moisture 
in  the  atmosphere,  and  the  circulation  of  the  air  are  also  factors  deter- 
mining the  rate  of  evapomtion. 

A  considerable  amount  of  experimental  data  is  available  showing 
the  rate  and  total  quantity  of  evaporation  in  different  climates  and  at 
different  seasons.  Recent  observations  made  by  the  U.  S.  Signal 
Service  and  the  Geological  Survey  show  that  the  evaporation  from  a 
water  surface  on  the  western  plains  and  plateaus  of  the  United  States 
ma}''  amount  to  from  50  to  80  inches,  and  in  special  localities  to  even 
100  inches,  in  a  year,  while  the  rainfall  (diminishing  in  reverse  ratio) 
over  this  area  is  from  30  to  12  inches  and  less.  Thus  in  Denver,  where 
the  maximum  annual  precipitation  may  reach  20  inches,  the  estimated 
evaporation  from  a  water  surface  durmg  one  year  was  69  inches. 

These  experiments,  made  by  the  Signal  Service  and  the  Geological 
Survey,  have  thus  far  referred  only  to  the  rate  of  evaporation  from 
water  surfaces;  the  much  more  difficult  question  of  the  rate  of  evapora- 
tion from  soil  surfaces  has  been  the  subject  of  tentative  experiment, 
but  as  yet  without  such  results  as  can  here  be  generalized. 

If  the  loss  by  evaporation  from  an  open  field  be  compared  with  that 
of  a  forest-covered  ground,  it  will,  as  a  matter  of  course,  be  found  to 
be  less  in  the  latter  case,  for  the  shade  not  only  reduces  the  influence 
of  the  sun  upon  the  soil,  but  also  keeps  the  air  under  its  cover  relatively 
moi-iter,  therefore  less  capable  of  absorbing  moisture  from  the  soil  by 
evaporation.     In  addition,  the  circulation  of  the  air  is  impeded  be- 
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tween  the  trunks,  and  this  influence  upon  available  water  supply,  the 
mnd'hreakhxg  j>ow€i^  of  t/ie  forest^  must  be  considered  as  among  the 
most  important  factors  of  water  preservation.  Especially  is  this  the 
case  on  the  Western  plains  and  on  those  Western  mountsiin  ranges  bear- 
ing only  a  scattered  tree  growth  and  where,  therefore,  the  influence  of 
sha<1e  is  but  nominal. 

The  evaporation  under  the  influence  of  the  wind  is  dependent  not 
only  on  its  drj'ness,  but  also  on  its  velocit}',  which  being  impeded,  the 
rate  of  evaporation  is  reduced. 

Interesting  experiments  for  the  purpose  of  ascertaining  the  changes 
in  the  rate  of  evaporation  effected  by  the  velocity  of  the  wind  were 
made  by  the  Signal  Service  in  1887.  The  result  of  these  experiment^ 
(made  with  Piche's  hygrometers  whirled  around  on  an  arm  28  feet  in 
length,  the  results  of  which  were  compared  with  those  from  a  tin  dish 
containing  40  cubic  centimeters  of  water  exposed  under  shelter)  show 
that  with  the  temperature  of  the  air  at  84  degrees  and  a  relative 
humidity  of  50  per  cent,  evaporation  at  6  miles  an  hour  was  2.2  times 
greater  than  in  a  calm;  at  10  miles,  3.8;  at  15  miles,  4.9;  at  20  miles, 
5.7;  at  25  miles,  6.1,  and  at  30  miles  the  wind  would  evaporate  (5.3 
times  as  much  water  as  a  calm  atmosphere  of  the  same  temperature 
and  humidity. 

Now,  if  it  is  considered  that  the  average  velocity  of  the  winds  which 
constantly'  sweep  the  Western  subarid  and  arid  plains  is  from  10  to  15 
miles,  not  rarely  attaining  a  maximum  of  50  and  more  miles,  the  cause 
of  the  aridity  is  not  far  to  seek  and  the  function  of  the  timber  belt  or 
even  simple  wind-break  can  be  readily  appreciated. 

What  the  possibilities  of  evaporation  from  hot  and  Avx  winds  may 
be  can  be  learned  from  statements  regarding  the  "'  Foehn,"  which  is 
the  hot  wind  of  Switzerland,  corresponding  to  the  "chinook"  of  our 
Western  countrv. 

The  change  in  temperature  from  the  normal,  experienced  under  the 
influence  of  the  Foehn,  has  been  noted  as  from  28^  to  31^  F.  and  a  re- 
duction of  relative  humidity  of  58  per  cent.  A  Foehn  of  twelve  hours' 
duration  has  been  known  to  ""eat  up"  entirely  a  snow  cover  of  2^  feet 
deep. 

In  Denver  a  chinook  has  been  known  to  induce  a  rise  in  temperature 
of  57"^  F.  in  twenty -four  hours  (of  which  3G^  in  five  minutes)  while  the 
relative  humidity  sank  from  100  to  21  per  cent. 

The  degree  of  forest  influence  upon  rate  of  evaporation  by  breaking 
the  force  of  winds  is  dependent  upon  the  extent  and  density  of  the 
forest,  and  especially  on  the  height  of  the  trees.  For  according  to 
an  elementjiry  law  of  mechanics  the  influence  which  breaks  the  force 
of  the  wind  is  felt  at  a  considerable  elevation  above  the  trees.  This 
can  be  practically  demonstrated  by  passing  along  a  timber  plantation 
on  the  wind-swept  plains.  Even  a  thin  stand  of  5'oung  trees  not 
higher  than  5  feet  will  absolutely  calm  the  air  to  a  considerable  dis- 
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tance  and  height  beyond  the  shelter.  Unfortunately  no  accurate  ex- 
perimental data  concerning  this  influence  are  at  hand.  According  to 
Becquerel,  a  simple  hedge  6  feet  in  height  will  give  protection  for  a  dis- 
tance of  70  feet;  and,  according  to  Hardy,  a  belt  of  trees  every  300  feet 
will  defend  vegetation  almost  entirely  against  the  action  of  the  wind. 
Another  authority  finds  for  every  foot  in  height  1  rod  in  distance  pro- 
tected.    (See  also  p.  149  of  this  bulletin.) 

From  many  reports  received  in  this  office  on  the  effects  of  wind-breaks 
upon  agricultural  crops,  we  may  quote  one  from  a  farmer  in  Illinois, 
which  expresses  the  observations  generally  made: 

My  experience  is  th^t  now  in  cold  and  stormy  winters  wheat  protected  by  timy)er 
\ie\ts  yields  full  crops,  while  fields  not  protected  yield  only  one-third  of  a  crop. 
Twenty-five  or  thirty  years  ago  we  never  had  any  wheat  killed  by  winter  frost,  and 
every  year  a  full  crop  of  peaches,  which  is  now  very  rare.  At  that  time  we  had 
plenty  of  timber  around  our  fields  and  orchards,  now  cleared  awayr 

The  damage  done  to  crops  by  the  cold,  dry  winter  winds  is  mainly 
due  to  rapid  evaporation,  and  plants  are  liable  to  suffer  as  much  by 
winter  as  by  summer  drought. 

This  is  certain,  that  since  summer  and  winter  drought,  i,  <?.,  rapid 
evaporation,  due  to  the  continuous  dr}'^  winds,  is  the  bane  of  the  farmer 
on  the  plains,  rationalh'^  disposed  timber  belts  alone  will  do  much  to 
increase  available  water  supply  by  reducing  evaporation. 

How  the  forest  ('over,  and  especially  the  litter  of  a  w^ell-kept  forest, 
may  decrease  the  amount  of  evaporation  within  the  forest  to  nearly 
seven-eighths  of  that  in  the  open  has  been  discussed  on  page  99  of  this 
bulletin.  The  reason  for  this  important  influence  of  the  forest  is  due 
not  only  to  the  impeded  air  circulation,  but  also  to  the  temperature  and 
moisture  conditions  of  the  forest  air  and  forest  soil. 

The  stations  of  Prussia  allow  the  following  average  for  evaporation, 
the  amount  evaporated  in  the  open  fallow  field  being  called  100: 


Under  beech  growth  , 
I'Tnlcr  spruce  growih 
I'nder  i»iiie  growth . . 
FruiJi  cultivdled  Held 


Retained 

Evaixv 

more  than 

nited. 

1    in  open 

fallowfield. 

Per  crnL 

Per  ofnt. 

40.4 

59.6 

4r>.  \\ 

M.  7 

41. S 

58.2 

90.3 

9.7 

A  balance  calculation  of  the  amounts  of  precipitation  and  the  amounts 
lost  by  evaporation  for  sixteen  stations  at  varying  elevations  shows 
that  with  increasing  altitude  the  surplus  of  water  remaining  for  the  soil 
increases,  the  mountain  forest  decreasing  evaporation  to  its  minimum 
of  9  to  13  per  cent,  and  leaving  from  87  to  91  per  cent  to  penetrate  the 
soil.* 


*This  is  a  lar^rer  ainonnt  than  that  piven  on  paire  101,  where  the  water  running 
off  the  trunk?  of  trees  is  counted  as  lost. 
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Stations. 


?<'hoo 

FritJten 

H«di*rsleben 

Ebi>r«walde 

Linizel 

Average  for  the  region 

Knrwien 

Marienihal 

Hagenau  

Average  for  the  region 

Neiimath 

FYiedrichsrode 

Average  for  the  region 

Lahnhof 

Hollerath 

Sohmicdefeld 

Carlsbcrg 

Average  for  the  region 

rV»nnenberg 

Melkerei 


Altitude. 


Surplu.s  o(  precip-      Of  precipila- 
itation  over  evap-      tlon  evapor- 
oration.  ated. 


In  the       In  the     In  the  ,  In  the 
opt»n.    I    forest,      open,     forest. 


M. 


3 

30 
34 
42 

95 


Mm.      I 
322.6  ' 
3.S7. 5 
495.8  1 
142.1 
174.6 


.Vw. 

Per  a. 

Perct, 

343. 6 

55 

28 

322. 5 

40  1 

28 

481.4 

3.5, 

20 

2:^7. 5 

73  ' 

44 

180.6 

70  ; 

67 

0-100 


124 
li3 
145 


100-200 


340 


300-400 


tU>2 
612 
6M) 
690 


60O-7(H) 


305.3  1 

313.1 

55 

346.1  1 

l«^.9 

436.1 

3(y>.7  ; 

•2.>4.7  ; 
434.3 

44 

68 
46 

322.4 

351.6 

53 

:v>.5  ' 

291.0 

510.9 
3.H5. 8 

00 
57 

309.9 

148. 3 

58 

1,468.2 

718.8  1 

^is:^.2  . 
490.2 
1,114.3 
839.1  ' 

24 
26 
13 
27 

9:18.7  ' 

782. 2 

22 

37 


26 
37 
26 


30 


'23 
26 


25 


15 

21 

7 

10 


13 


774  I     1,196.4 
930  '     1. 142. 1 


1,093.8 
1,196.8 


15 
19 


9 
11 


Altogether,  it  will  have  to  be  admitted  that  the  factor  of  dissipation 
represented  in  the  evaporation  from  the  ground  is  considerably  reduced 
by  the  forest  cover;  and  since  the  rate  of  evaporation  in  our  Western 
Territories  is  probably  the  greatest  element  in  the  dissipation  of  mois- 
ture, the  greatest  attention  to  checking  it  will  be  necessary  in  the  hus- 
banding of  water  supplies.  This  check  to  evaporation  refers  not  only 
to  the  preservation  of  the  water  supply  where  it  falls,  but  also  in  the 
natural  and  artificial  channels  through  which  it  may  be  conducted  or 
in  the  reservoirs  where  it  may  be  stored. 

The  surface  exposed  determines  the  amount  of  evapomtion  from 
water  courses  and  reservoirs;  but  if  the  amount  evaporated  is  related 
to  the  available  volume  of  water,  it  will  appear  that  the  smaller  and 
slower  run  loses  proportionate!}'  more  than  the  larger,  which  thus  ex- 
hibits the  value  and  protective  character  of  accumulation. 

Take  a  brook  (>  feet  in  width  and  only  a  foot  in  depth;  this  for  a 
lengrth  of  30  feet  would  contain  180  cubic  feet  of  water.  If  from  this 
.surface  only  one-tenth  of  1  inch  evaporates,  the  amount  evaporated  is 
equal  to  1.5  cubic  feet  or  ^  Jg  of  the  entire  supply.  On  the  other  hand 
one-tenth  of  1  inch  evaporation  from  a  river  t)0  feet  broad  and  12  feet 
deep  for  a  length  of  30  feet,  containing  therefore  21, ♦Xk)  cubic  feet  of 
water,  would  bring  the  lo.^s  to  15  cubic  feet  or  only  jj^4u  of  the  avail- 
able supplies:  the  loss,  in  proportion  to  the  supply,  being  twelve  times 
greater  in  the  former  case. 
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Tranifpiration. 

All  vegetation  takes  up  a  certain  amount  of  water,  a  part  of  which 
is  consumed  in  building  up  its  body,  and  a  still  larger  part  returned 
to  the  atmosphere  by  transpiration  during  the  process  of  growth. 

The  factor  of  dissipation  having  been  fully  discussed  on  pp.  96, 130  of 
this  tmlletin,  it  need  not  be  further  considered  here,  except  to  recall  the 
conclusion  that  forest  growth  transpires  considerably  less  than  other 
kinds  of  vegetation. 

Since  this  water  is  given  off  again  to  the  atmosphere  in  the  lociilit3' 
where  it  has  fallen — thus  enriching  the  atmospheric  moisture — and  is 
therefore  onh'  diverted  temj)orarily  for  the  purpose  of  doing  duty  in 
producing  useful  substance  and  retaining  it  in  the  locality'  where  it  has 
fallen  for  a  longer  time,  transpiration  may  even  be  considered  as  an 
element  of  conservation. 

There  is  still  to  be  considered  a  certain  amount  of  moisture  which  is 
retained  and  stored  up  in  the  body  of  the  plant,  partly  as  a  necessar}' 
permanent  constituent,  partly  as  a  temporary  constituent,  l)eing  evap- 
orated when  the  plant  dies  or  the  w  ood  is  seasoned.  The  amounts  thus 
retained  vary  considerably  according  to  age,  capacity  for  transpiration, 
site,  soil,  climate,  densit}',  slow  or  i^apid  grow^th,  weather,  seasons  and 
even  the  time  of  the  day.  It  is  therefore  almost  impossible  to  give 
anything  but  ver}'  rough  approximations,  especially  as  also  the  differ- 
ent parts  of  the  tree  vary  considerabl}'  in  the  amounts  of  water 
present. 

The  water  which  enters  into  chemical  composition  of  the  wood  pubstance  repre- 
sents about  50  per  cent  of  the  weight  of  dry  sul)stance. 

The  water  hygroscopically  retained  in  the  livinj^  tree  varies  witliin  the  wide  range 
of  from  18.6  to  51.8  per  cent  in  the  wood,  while  the  leaves  contain  a.«  much  as  54  to 
65,  and  some  even  over  70  \>er  cent  while  living;  when  dry,  still  10  to  12  i>er  cent. 
The  wood  of  deciduous  hard  woods,  like  oak,  ash,  elm,  birch,  l)eech,  contain  in  the 
average  38  to  45  per  cent;  soft  deciduous  trees  45  to  55  per  cent,  and  the  conifers  52 
to  65  jier  cent.  White  pine  when  yomig  may  show  as  high  as  77  |)er  cent  of  its 
weight  as  water,  while  larch,  of  all  conifers,  has  the  smallest  water  cai>acity, 
namely,  45  to  55  per  cent,  ranking  with  the  deciduous  soft  woods. 

This  hygr(>sc()])ic  water  is  reduced  by  seasoning  to  10  or  12  per  cent;  this  amount 
l^eing  retained  even  in  well-seasoned  woods. 

Given  the  entire  mass  of  wood  and  foliage  on  an  acre  of  forevSt,  an 
approximative  calculation  of  the  total  quantitv  of  water  contained  in 
the  trees  will  show  that  50  to  60  per  cent  of  the  weight  of  the  forest 
must  be  attributed  to  water,  while  only  44  to  40  per  cent  is  repre- 
sented by  dry  su})stance.  In  agricultural  crops  it  is  known  that  the 
amounts  of  water  are  still  larger,  reaching  sometimes  95  per  cent  of 
the  whole  weight.  The  production  of  dry  substance  in  a  well-kept 
dense  timber  forest  may  amount  annually  to  from  2,600  to  3,000  pounds 
per  acre,  leaving,  then,  for  the  hj'groscopic  water,  3,750  pounds,  and 
the  chemically  tixed  w^ater,  say,  l,25o  pounds;  so  that  for  this  factor 
of  dissipation  5,000  pounds  in  round  lunnbers  as  a  maxinmm  will 
sufBce. 
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ELEMENTS  OF  CONSERVATION. 


In  discussing  the  elements  of  dissipation  as  to  the  degree  of  their 
effect  under  forest-cover,  compared  with  the  same  elements  at  work 
in  the  open  field,  we  have  seen  that  the  shade,  the  low  temperature, 
the  relative  humiditv,  the  absence  of  violent  air-currents,  the  water 
capacity  of  the  forest  floor,  are  all  acting  as  factors  of  conservation. 
We  have  seen  that  the  quantity  of  water  lost  b}-  evaporation — the 
most  fruitful  source  of  dissipation — ma}'  be  more  than  six  times  as 
great  in  the  open  as  in  the  forest.  There  is  only  one  other  element  of 
conse nation  affecting  Avater  supplies  which  requires  special  mention. 
This  is  the  retardation  in  the  melting  of  the  snow,  which  is  due  to 
forest-cover.  According  to  Dr.  Biihler,  of  Zurich,  this  retardation  in 
Switzerland  amounts  to  from  five  to  eight  days  in  general,  and  may, 
according  to  weather  conditions,  be  several  weeks,  thus  giving  a  longer 
period  for  distribution.  The  evergreen  coniferous  forest  in  this  respect 
naturallv  does  better  service  than  the  deciduous  one. 

Effect  offoreits  in  case  of  gno2r. 

Snow  will  lie  in  the  forest  more  evenly  and  continuousl}'  than  on  the 
open,  wind-swept  areas.  Therebj'  not  only  the  amount  finally  remain- 
ing for  drainage  is  increased,  but  the  soil  is  prevented  from  freezing, 
and  is  kept  open  for  percolation  when  the  snows  melt.  The  retarda- 
tion of  the  melting  has  been  determined  b}'  Buhler  in  Switzerland  to  be 
from  eight  to  fourteen  daj's. 

Mr.  R.  U.  Piper,  in  his  Trees  of  America,  states  that  an  unobstructed 
warm  wind  will  dissolve  the  snow  more  than  ten  times  as  fast  as  when 
it  is  protected  from  the  wind,  the  temperature  being  the  same,  and  he 
adduces  in  verification  of  his  statement  the  following  experiments  tried 
by  himself:  In  the  first,  a  body  of  snow  1  foot  in  depth,  protected  from 
the  wind,  but  partially  exposed  to  the  sun,  aftc^r  a  thaw  of  two  weeks, 
was  not  wholh'  melted,  while  another  mass  6  feet  in  depth,  more  shel- 
tered from  the  sun,  but  fully  exposed  to  the  wind,  was  melted  in  less 
than  a  week. 

In  the  second,  equal  quantities  of  snow  were  placed  in  vessels  of  the 
same  kind  and  size  and  exposed  to  the  same  temperature,  one  }>eing 
covered  and  the  other  having  a  current  of  air  constantly  passing  over 
it.  The  snow  in  the  latter  vessel  was  melted  in  sixteen  minutes;  that 
in  the  former  was  not  entirel}"  dissolved  at  the  end  of  eighty-five  min- 
utes. 

In  the  third  experiment,  in  a  room  with  the  temperature  above 
80^,  the  mercury  in  a  thermometer  rose  from  32^  toSO"^  when  exposed 
to  a  warm  current  created  b}'  a  fan,  or  seven  times  as  fast  as  when  the 
heated  air  was  still. 

The  conservative  effect  of  the  forest-cover  is  especially  of  value  on 
the  western  mountain   ranges,  which  are  liable  to  be  swept  by  the 


138  FOREST   INFLUENCES. 

Chinook,  dissipating  as  if  by  magic  the  snow-cover  over  which    it 
sweeps.     (See  p.  133.) 

Even  without  this  specially  dry  wind  it  is  well  known  in  Colorado 
and  other  mountain  districts  that  the  regular  wind  sweeping  ov^er  the 
bare  slopes  above  timber  line,  or  where  the  forest-cover  is  removed, 
while  they  drift  the  snow  hither  and  thither,  they  '"  wear  it  out"  at  the 
same  time.  By  the  blowing  of  the  wind  the  snow  is  reduced  to  finest 
particles,  and,  by  the  shifting,  new  surfac^es  are  constantly  exposed — 
two  processes  which  greatly  facilitate  evaporation,  and  thus  the  snow 
is  literally  worn  out. 

The  proposition,  then,  to  remove  the  forest-cover  in  order  to  allow 
the  drifting  and  compacting  of  the  snow,  from  which  possibly  to  secure 
a  longer  period  of  distribution,  even  if  there  were  no  other  objection, 
must  be  considered  a  hazardous  and  ill-advised  expedient. 

The  influence  of  the  forest  upon  the  condition  and  drifting  of  the  snow 
is  graphically  related  by  Middendorff  in  his  description  of  Siberia, 
speaking  of  the  Buran  or  snowstorm  characteristic  of  the  treeless 
plains  of  tundras: 

As  far  as  the  forest  reaches  and  impedes  the  action  of  the  winds  the  enow  lies 
everywhere  evenly  and  loosely,  so  that  in  the  beginning  of  winter  one  can  travel 
onlv  on  snowshoes.  As  soon  as  the  tundra  is  reached  there  is  no  nee<i  of  snowshoes. 
The  snow  lies  either  like  a  thin  carpet,  or  driYted  together  in  incredible  masses,  so 
compacted  as  to  Ijear  man  and  beast,  etc. 

Cienerul  effevi  of  forests  in  reducing  evaporation. 

The  popular  notion  which  ascribes  to  the  moss-cover  or  spongy  char- 
acter of  the  forest  floor  a  conservative  function  bevond  that  of  retard- 
ing  evaporation  and  expediting  infiltration  seems  to  be  entirely  errone- 
ous and  needs  revision.  The  idea  that  the  moisture  of  the  soil  and  the 
flow  of  springs  is  increased  by  water  from  the  spongy  cover  is  alto- 
gether in  contradiction  to  physical  laws,  and  can  be  shown  cxperimen- 
tall}''  to  be  a  mistaken  one. 

Water  filters  through  the  cover  l)y  the  law  of  gravitation  until  the 
whole  mass  has  })ecome  fully  saturated.  With  an  addition  of  water  it 
will  filter  through  to  the  soil,  as  long  as  the  supply  continues  and  as 
long  as  the  soil  is  not  so  saturated  that  it  can  not  readily  absorb  an}*^ 
more  water.  At  last,  the  supply  continuing,  the  cover  will  refuse  to 
convey  it  and  will  shed  it  supei*ficialh%  leaving  opportunitj'^  to  reach 
the  soil  only  where  the  moss-cover  is  interrupted.  When  the  water 
supply  ceases,  evaporation  begins  above,  and  by  capillary  attraction 
the  cover  supplies  its  loss  of  water  on  the  surface  from  the  soil  below. 

To  give  water  to  the  strata  below,  it  would  l)e  necessary  that  these 
should  have  become  drv,  or  at  least  drier  than  the  moss-cover  before  the 
latter  had  lost  its  water.  This  may  occur  and  depends  naturally  upon 
the  structure  and  nature  of  the  soil.  If  the  soil  is  strono^lv  fissured, 
thus  rapidly  draining  the  upper  strata,  then,  if  the  moss-cover  is  still 
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saturated  and  an  additional  pressure  is  exerted  b)"  water  standing  or 
falling  on  it,  a  fuilher  supply  of  water  may  be  given  up  to  the  soil;  if, 
however,  the  moss  is  only  just  saturated  and  no  further  access  of  water 
takes  place  from  above,  then  there  is  no  physical  law  by  which  a  sur- 
render of  this  saturation  water  to  the  soil  could  take  place  as  long  as 
the  underlying  soil  is  of  a  gravelly  or  nonabsorbing  nature.  If  its 
nature  is  like  clay,  marl,  fine  sand,  capable  of  attracting  water,  then  the 
further  process  of  water  absorption  depends  upon  the  difference 
Jietween  the  water  capacity  of  the  cover  and  that  of  the  soil. 

In  a  sand  soil  in  which  the  upper  strata  lose  their  water  rapidly  to 
the  lower,  the  moss  cover,  which  holds  water  more  tenaciously,  can  be 
made  to  give  up  water  to  the  soil  as  long  as  the  capacity  for  absorption 
by  the  sand  is  greater  than  the  capacity  for  retention  by  the  moss. 

A  loam  or  clay  soil  takes  up  water  verv-  slowly,  but  takes  up  a 
great  deal  before  it  is  saturated,  and  the  process  of  filtration  goes  on 
ver}'  slowly;  if,  therefore,  a  plentiful  rainfalls,  there  is  formed  under 
the  moss  cover  a  shallow,  nearly  saturated  layer  of  soil,  which  acts  as 
an  impermeable  stratum.  This  layer  is  protected  b}^  the  cover  against 
rapid  surface  drying,  and  since  it  gives  up  its  water  only  slowly  to  the 
lower  strata,  it  remains  moist  so  long  as  the  moss  cover  is  not  dry. 
As?  soon  as  by  evaporation  the  cover  has  lost  its  water,  the  soil  must 
give  up  some  of  its  moisture  by  capillary  attraction  to  supply  the 
deficiency  in  the  cover.  It  nuist  be  noted  here,  however,  that  accord- 
ing to  Oltman's  experiments  moss  does  not  take  up  water  from  an  onl}'^ 
moderatel}^  moist  soil.  A  deficiency  of  moisture  occurring  in  soil 
earlier  than  in  the  cover  can  be  presumed  only  when  the  w.^icr  is  utilized 
by  the  roots  and  transpired,  which  is  not  likely  to  occur. 

These  are  the  extreme  cases  between  which,  in  nature,  manv  inter- 
niediary  conditions  occur.  The  litter  cover  does  not  act  analogously  to 
the  moss  cover  or  to  a  sponge.  A  difl'crence  must  here  })e  noted  between 
the  newly  fallen  loose  litter  of  the  previous  year  and  the  closely  packed 
and  felted  litter  accunmlations  of  former  years.  The  former  allows  a 
rapid  filtration;  the  latter,  according  to  Riegler's  experiments,  is  nearly 
impermeable,  and  the  water  practically  can  enter  the  soil  only  where 
the  litter  is  interrupted.  The  compact  litter  serves  admirably  to 
retard  evaporation.  In  reality  there  rarely  exists  an  uninterrupted 
cover  of  such  litter  or  a  cover  of  one  uniform  nature;  open  spaces, 
moss  covers,  varying  thicknesses  of  litter  cover  interchange,  and 
accordingly  the  water  penetrates  readily,  while  the  cover  performs  its 
duty  as  a  conserving  agent  against  evaporation. 

There  is  an  additional  conservative  action  of  the  forest  floor  to  be 
noted,  which  will  be  more  fully  discussed  further  on,  as  an  influence 
upon  the  distribution  of  the  run-oflf.  It  is  the  mechanical  protection 
which  the  cover  affords  against  the  compacting  of  the  soil  by  the  fall 
ing  raindrops;  by  this  protection  the  soil  is  kept  porous,  permits  ready 
percolation,  and  therefore  less  water  remains  at  the  surface  to  fall  a 
prey  to  evaporation. 
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It  is,  then,  the  protect  Ion  ar/din^it  cnaporatlon  alone^  due  to  greater 
relative  humidity  of  the  foreist  air,  to  the  shade,  to  the  breaking  of 
the  winds,  and  especially'  to  the  protective  soil  cover,  which  inaJces  the 
forest  a  conaervator  of  moistuj'e  ereryichere^  even  where  it  does  not  by 
its  peculiar  location  increase  the  amount  of  precipitation. 

Springs,  then,  may  ))e  influenced  in  the  amount  of  their  discharge 
by  a  removal  of  the  forest,  not  because  the  forest  supplies  them  directly 
with  more  water,  but  because  bv  its  removal  the  rate  of  evaporation 
is  increased. 

SUMMATION   OF  THE   CONSERVATIVE   AND   DISSIPATIVE  INFLUENCES. 

The  total  conservative  action  of  the  forest  with  reference  to  available 
water  supplies,  aside  from  an  increase  of  precipitation,  is  expressed  by 
the  diiference  between  the  elements  of  dissipation  and  those  of  conser- 
vation; the  former  comprised  in  the  loss  of  the  water  by  retention  or 
interception,  evaporation,  and  transpiration,  the  latter  in  the  protec- 
tion against  evaporation.  This  balance  is  known  to  be  in  favor  of  the 
forest  cover  in  some  localities  and  under  certain  given  conditions;  but 
it  will  have  become  apparent  that  a  general  statement  or  quantitative 
expression  of  the  amount  of  benefit  is  in  general  quite  impossible.  Yet 
in  an  ingenious  manner  a  calculation  for  one  of  the  Prussian  mountain 
districts  is  proposed  b}'  Dr.  Weber  as  follows:  Using  the  figures  which 
are  exhibited  in  the  table  on  page  118  he  argues  that  the  amount  of 
water  left,  over  and  above  the  amount  evaporated  in  the  open  at  low 
altitudes,  deducted  from  the  amount  left  over  and  above  evaporation  in 
the  forests  of  high  altitudes,  will  suflice  to  cover  the  amount  of  trans- . 
piration;  thus,  in  the.  spruce  forest  at  the  station  of  Sonnenberg,  the 
surplus  of  precipitation  above  the  water  needed  for  evaporation  had 
been  1,098.8  mm.;  deducting  from  this  the  quantity  which  was  found 
remaining  in  the  open  at  Schoo,  and  which  would  suffice  for  purposes 
of  transpiration  and  plant  growth,  a  balance  for  drainage  of  771.3  mm. 
results;  for  the  V)eech  forests  at  Mclkerei  and  Hadersleben,  the  calcula- 
tion gave  a  balance  of  1,170.8—495.8  =  681  mm.  for  drainage.  On  the 
average,  therefore,  700  mm.  of  the  precipitation  in  the  mountain  forest 
in  this  localitv  are  saved  for  the  ''run-otf,"  that  is,  100,000  cubic  feet 
of  water  per  acre. 

To  get  a  conception  of  what  these  100,000  cubic  feet  mean  in  the  river 
flow%  it  may  ])e  stated  that  with  average  water  level  the  Rhine  al)ove 
Manhoim  has  a  flow  of  47,700  cubic  feet  per  second,  an  amount  which 
would  be  yielded  by  40,000  acres  of  mountain  forest,  provided  all  water 
is  drained  into  the  river;  and  to  keep  the  river  continually  flowing  at 
this  rate  would  require,  on  the  basis  of  these  figures  obtained  experi- 
mentally, a  forest  area  of  23,472  square  miles,  a  calculation  which  by^ 
no  means  leads  to  absurd  results  for  practical  probability,  sitice  the 
drainage  area  of  that  part  of  the  river  is  in  reality  about  30,000  square 
miles,  largely  in  forest. 
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1  also  recall  here  the  water  balance  drawn  for  the  upper  Elbe  River 
watershed  on  page  128,  from  which  it  appears  that  the  river  flow 
represents  about  25  per  cent  of  the  precipitation. 

The  amount  of  river  flow,  to  be  sure,  does  not  permit  a  calculation  of 
the  amounts  of  water  originally  available  (after  they  have  fallen  and 
been  diminished  by  the  factors  of  dissipation)  for  local  use  in  both  sub- 
terranean and  surface  runs,  since  the  river  flow  exhibits  both  kinds  of 
drainage,  but  not  at  the  same  time.  Nor  do  the  wholesale  meth- 
ods sometimes  employed  to  determine  the  relation  of  river  flow  to  pre- 
cipitation promise  a  solution  of  either  that  question  itself  nor  of  the 
question  how  far  surface  conditions  of  the  soil  have  a  bearing  upon 
drainage. 

A  detailed  study  of  smaller  and  confined  catchment  basins  alone, 
like  those  referred  to  hereafter  (see  p.  154),  will  give  results  that  may 
eventually  lead  to  practicable  methods  of  calculations. 

DISTRIBUTION   OF  TERRESTRIAL  WATERS. 

The  distribution  of  the  available  water  supply  is  almost  as  important 
and  often  a  more  important  factor  in  the  economy  of  the  water  than 
the  quantity  of  available  supply  itself,  and  the  manner  in  which  this 
distribution  takes  place  influences  considerably  the  ultimate  availa- 
bility of  the  supply  for  human  use. 

In  discussing  the  distribution  of  the  water  supply  it  is  desimble  to 
follow  the  natural  division  of  the  waters  into  superficial  and  under- 
ground drainage.  The  surface  inin-off  gives  to  brooks  and  rivers  all 
their  rapid  variations  of  stage;  the  underground  drainage  gives  them 
their  permanent  regime. 

ANALYSIS  OF   DETERMINING    INFLUENCES. 

The  proportionate  division  of  these  two  classes  of  run-off,  then,  is  of 
the  highest  possible  importance;  we  will,  therefore,  analyze  the  condi- 
tions which  determine  their  relative  proportion  in  order  to  find  how 
the  forest  may  influence  the  same.  It  is  evident  that  the  first  condi- 
tion is  to  be  found  in  the  amount  and  character  of  the  precipitation. 
A  violent  rainstoim  will  furnish  more  superficial  run-off  than  when, 
the  rain  falling  slowly,  time  is  given  for  the  soil  to  absorb  it. 

Rainy  and  rain-poor  or  arid  climates,  short  and  insignificant  rains, 
short  but  violent,  long  and  mild,  or  long,  plentiful  rains,  also  periodical, 
i$easonal  rains  and  irregular  rainfalls — all  these  constitute  differences 
in  the  nature  and  time  of  occurrence  of  the  rainfall,  which  must  neces- 
sarily affect  the  relative  amounts  of  the  run-off.  The  effect  is  still 
further  complicated  where  the  precipation  is  partly  snow,  when  not 
only  the  mass  of  accumulated  suppl}'^  but  also  the  progress  of  melting 
determine  the  result  of  the  run-off. 

We  find,  therefore,  based  upon  this  one  factor,  namely,  the  nature 
and  time  of  occurrence  of  precipitation,  differences  in  the  run-off  which 
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are  dependent  upon  diflferences  in  climatic  conditions.  Thus  tropical 
rivers  show  one  or  two  regular  high  stages  of  water  according  to 
whether  they  have  one  or  two  rainy  seasons;  in  regions  of  equinoctial 
rains  a  spring  and  fall  freshet  is  normal,  while  the  rivers  ma}'  be  almost 
dry  in  summer  or  winter;  the  frequent  thunderstorms  in  the  mountains 
of  Switzerland  produce  short  but  rapid  iBoods  during  the  summer, 
while  the  autumn  is  characterized  by  low  water  in  the  rivers.  This 
climatic  difference  in  water  flow  it  is  important  not  to  forget  when  dis- 
cussing the  influences  which  may  modify  the  discharge  of  waters. 

W.  Ule,  in  Meteor.  Zeitschr.,  1890,  discusses  the  relation  of  water 
stages  in  a  stream  and  outflow  in  relation  to  precipitation.  He  comes 
to  the  result  that  a  direct  relation  from  one  to  the  other  is  impossible 
to  find,  because  of  the  complication  of  other  conditions,  which  disturb 
this  a  primal  seemingly  direct  relation. 

He  finds  that  amount  of  precipitation  and  water  stages,  or  even  water 
stages  and  amount  of  water  flow,  are  not  proportional,  so  that  with  the 
same  water  stage  different  amounts  may  run  off.  If  this  discrepancy^ 
appears  in  the  annual  mean  water  flow,  it  is  still  more  noticeable  in  the 
monthly  means.  In  the  river  Saale  the  mean  water  stage  for  March, 
1886,  indicated  a  flow  of  378,000,000  cu.  m.,  while  the  daily  measure- 
ments gave  508,000,000,  or  34  per  cent  more.  The  mean  water  stage  in 
March  was  2.13  m.,  in  December  2.15  m.  Yet  the  amount  of  flow  in  the 
latter  month  was  23  per  cent  smaller  than  in  the  former.  With  the 
stage  twice  as  high  it  was  found  that  three  times  the  flow  resulted. 
From  these  more  detailed  measurements  it  appears  that  changes  in 
the  amount  of  river  flow  are  not  necessarily  due  to  changes  in  amount 
of  precipitation. 

In  1886  the  amount  of  river  flow  was  14  per  cent  less  than  in  1884, 
although  the  precipitation  w^as  by  1  per  cent  less  in  1884. 

The  greatest  influence  on  river  flow  is  assigned  to  the  distribution 
through  the  3^ear  of  the  precipitation,  at  least  in  regions  with  persistent 
frost  periods,  where,  as  in  the  Saale  catchment  basin,  the  river  flow  in 
winter  is  three  times  as  great  as  in  summer,  namel3%  51  per  cent  of  the 
precipitation  in  winter  against  17.3  per  cent  in  sunmier.  Hence  the 
annual  mean  river  flow  reflects  more  the  winter  precipitation  than  those 
of  summer,  as  the  following  figures  show: 


Precipitation  

River  flow,  cubic  meters,  millions. 


Year. 


]h82-83. 


10,913 
4,476 


1884-«5. 


10, 757 
3, 182 


Winter. 


18S2-83.      18M-85. 


Summer. 


1882-83. 


4.441 
3.340 


4,047 
2,142 


6,572 
1,127 


1884-85. 


6.710 
840 


The  larger  amount  of  flow  in  1882-83  seems  to  depend  on  the  fact 
that  much  precipitation  fell  in  winter,  and,  at  the  same  time,  the  greater 
perccntiige  of  flow  in  that  winter  is  accounted  for  from  the  daily  meas- 
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arements  showing  repeated  high  rise:^,  which,  as  has  been  shown,  predi- 
cate disproportionate  flow.  The  winter,  besides,  was  warm:  most  of 
the  precipitation  was  rain;  or,  if  snow,  was  quickly  melted  and  carried 
oflF.  We  see,  then,  that,  besides  the  local  and  timely  distribution  of 
precipitation,  temperature,  direction  and  strength  of  winds,  condi- 
tion of  topography  and  soil,  other  dynamic  influences  are  exhibited  in 
the  river  flow,  which  make  this  as  an  immediate  expression  of  condi- 
tion of  precipitation  unceitain. 

After  water  has  reached  the  ground  its  distribution  is  determined, 
fii'st,  by  the  character  of  the  topography  and,  second,  by  the  nature  of 
the  soil  and  the  surface  conditions. 

The  topography  deteraiines  the  rapidity  of  run-off  and  of  collection. 
The  more  diversified  the  countrv — cut  into  dells,  coves,  rills,  and  fur- 
rows,  steeper  and  less  steep  slopes — the  larger  the  number  of  runs  of 
unequal  length  in  which  the  water  is  collected,  while  the  less  diversified 
the  contour  the  more  water  must  be  carried  off  in  each  run.  Yet 
where  the  diversity  of  configuration  is  accompanied  by  steep  slopes 
the  Fun-off  may  be  so  rapid  that  the  valley  river  is  filled  more  rapidly 
than  the  river  of  the  open  plains  country  with  even  slopes  of  moderate 
inclination. 

Thus,  in  some  of  the  river  valleys  of  West  Virginia,  the  watersheds 
are  scooped  out  into  such  an  array  of  coves,  gashes,  and  water  courses 
and  minor  watei"sheds,  and  so  steep  and  rapid  in  descent  that,  in  spite 
of  the  forest  cover,  a  rainfall  of  a  few  days  will  induce  a  rapid  rise  of 
the  rivers,  while  the  same  amount  of  rain  will  hardly  wet  the  ground 
in  a  prairie  country  like  Iowa. 

The  second  of  the  above-mentioned  conditions  determining  distribu- 
tion— the  nature  of  the  soil  and  the  surface  conditions — comprises  a 
large  number  of  separate,  though  related,  factors.  The  composition, 
structure,  and  stratification  of  the  soil  itself,  its  water  c^apacity,  its 
permeability,  and  other  physical  properties;  the  nature  of  the  under- 
lying rock  and  its  susceptibility  to  disintegi*ation  under  the  action  of 
erosion;  the  surface  conditions  of  the  soil  cover,  whether  frozen  or 
sunbaked,  cultivated  or  uncultivated,  barren  or  covered  with  grasses 
or  forests;  these  are  a  part  of  the  factors  which  affect  the  distril)ution 
of  the  water  supply  and  determine  the  proportions  of  surface  and 
underground  drainage. 

On  a  given  territoiy,  then,  with  given  geologic,  topographic,  and  cli- 
matic conditions,  the  only  direc^tly  variable  conditions  influencing  the 
manner  of  drainage  are  those  of  the  upper  soil  strata  of  the  soil  cover. 
We  are,  then,  mainly  concerned  with  the  water  capacity  of  soils  and 
soil  covers,  the  intensity  of  their  water  absoi-ption,  and  the  amounts  of 
water  which  are  drained  through  them  in  given  times.  We  are  inter- 
ested in  studj'ing  by  what  means  the  draining  capacity  of  the  soil  is 
increased,  and  by  what  means  altogether  the  run-off  may  \ye  changed 
in  its  nature  from  a  superficial  to  a  subterranean  one  and  the  reverse. 
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WATER   CAPACITY    AND    WATEK   CONDCCnVlTV    OP   SOILS   AND   SOIL-COVEK8. 

We  must  discern  two  kinds  of  water  capacity  in  soils,  namely,  the 
absolute  or  minimum  water  capacity  and  the  full  or  maximum  water 
capacity.  The  former,  also  called  ''moisture  coefficient"  in  soil  anal- 
yses, is  that  water  quantity  which  the  soil  will  retain,  no  matter  what 
the  drainage  conditions,  provided  the  supply  is  not  deficient.  It  is  this 
water  retained  in  the  capillaries  which  determines  the  designation  of 
the  soil  as  moist,  wet,  or  dry,  which  latter  is  only  comparatively  so.  If 
the  di^ainage  is  impeded  by  an  impermeable  layer  underlying  a  porous, 
permeable  surface  soil,  and  if  the  slope  of  the  impermeable  layer  does 
not  favor  rapid  drainage,  then,  if  additional  supplies  reach  the  soil,  all 
interstices  and  largest  capillaries  will  fill  up  and  the  amounts  of  water 
then  contained  in  the  soil  represent  its  greatest  (full  or  maximum) 
water  capacity.  Any  surplus  above  this  greatest  water  capacit}'^  is 
bound  to  drain  off  at  once  either  supeiiicially  or  subterraneously. 

Absolute  or  minimum  water  capacity  of  soils  according  to  Von  Klenze. 
[Volume  unit,  3.6  cm.  diam.  by  10  cm.  height.] 


Soil. 


Sand,  loose. 


Height 
of  layer 
in  centi- 
meters. 


Weight  of 
water  ab- 
sorbed in 
grani.s. 


Volume. 


Relation 
of  weight 
to  volume- 


Loam,  tine,  loose. 


Humose  lime  itand,  loose,  fine. 


10 
20 
30 
40 
10 
20 
30 
•10 
10 
20 
30 
40 


44.6 

6S.0 

83.8 

92.9 

43.0 

71).  2 

IOC.  8 

138.2 

48.2 

79.2 

113.1 

129.2 


Per  cait. 
26. 99 
24.04 
20.87 
17. 58 
48.27 
47.59 
.42.(58 
38.  4j 
49.13 
47.37 
45.11 
43.60 


44.6 
34.0 
27.2 
23.2 
43.5 
38.1 
S.5.6 
34.5 
48.2 
39.6 
37.7 
32.3 


Full  or  maximum  water  capacity  of  «o<78  according  to  MeiMer 


[Volume  unit  1  cubic  foot.] 


Soil. 


Clay *... 

Loam 

Humus 

Peat , 

Garden  mold , 

Lime 

Chalk 

Sand  (82  per  cent) 
Sand  (04  per  cent) 
Quartz  sand 


Weight  of 

water 

Volume. 

absorbed. 

PoumU. 

Per  catt. 

21.99 

50.0 

26.40 

60.1 

30.90 

70.3 

27.99 

"     63.7 

80. 3:^ 

69.0 

24.09 

54.9 

21.74 

49.5 

19.94 

45.4 

28. 67 

65.2 

20. 42 

46.4 

From  the  above  tiibles  it  appears  that  with  the  depth  of  the  soil  the 
minimum  water  capacity  varies  greatly,  and  the  .same  may  be  expected 
for  the  maximum  water  capacity.     In  sand  it  may  sink  within  15  inches 
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to  one-half  of  what  it  is  at  the  surface,  while  in  loam,  owing  to  smaller 
capillaries,  the  reduction  is  only  one-third.  The  finer  the  capillaries 
the  more  water  they  can  keep  up  proportionately  in  balance  against  the 
force  of  gi'avity,  and  hence  humus  and  garden  mold,  with  their  fine 
capillaries,  show  the  greatest  water  capacity. 

The  degree  of  such  retention,  as  has  been  shown  by  Prof.  C.  E.  Hil- 
gard  and  others,  is  also  somewhat  influenced  by  the  temperature  of  the 
soil.  The  least  retentive  soil  is  a  course  quartz  sand  followed  by  finer 
sands,  and  it  is  increased  by  an  addition  of  lime  loam,  or  vegetable 
matter. 

For  a  '\second-class"  Florida  sand  soil  the  "  moisture  coeflicient"  is 
s^tated  by  Hilgard  as  1.64  per  cent  of  its  own  weight,  while  it  is  23  per 
cent  and  more  in  a  peat  soil;  a  pure  clay  rarely  exceeds  12,  while  the 
moisture  coeflicient  of  calcareous  clay  soils  rises  to  15  and  20  per  cent. 
The  maximum  water  capacity  may  be  many  times  that  of  the  absolute 
water  capacity,  depending  on  structure  and  more  or  less  compact  strat- 
ification of  the  soil.  According  to  Ebermayer,  the  amounts  of  water 
held  may  vary  between  3  and  88  per  cent.  Dr.  Raman's  investigations 
&how  the  maximum  water  capacity  of  sand  soils  of  tine  and  medium 
fine  texture  to  be  from  3  to  4  per  cent. 

According  to  Prof.  Schuebler  at  Tubingen,  who  experimented  on 
soils  under  natural  conditions: 

Sand  soil  niay  hold  25  per  cent  of  its  weight  in  water;  loamy  soil  40  j>er  cent  of 
its  weight  in  water;  clay  loam  30  per  cent  of  its  weight  in  water;  pure  clay  soil  75 
per  cent  of  its  weight  in  water. 

The  most  impervious  soils,  as  was  to  be  expected,  showed  the  greatest 
retentive  power,  and  since  by  compacting  the  soil  particles  the  capillar- 
ity is  increased,  the  imperviousness  of  such  soils  is  increased. 

Impenneable  soil  stmta,  such  as  loam  and  very  fine  sand,  allow,  when 
a  surface  run-off  is  readily  possible,  only  a  passing  and  inferior  retention 
of  water  after  rainfall,  in  springtime  taking  up  no  more  than  10  or  12 
per  cent  of  their  weight,  while  a  stratum  of  sand  of  medium  grain,  20 
to  25  feet  deep,  was  calculated  by  Raman  to  be  capable  of  taking  up 
and  holding  the  entire  annual  precipitation  of  24  inches. 

The  capillarity  of  sand  soils  of  the  North  German  plain  investigated 
by  Raman  was  not  capable  of  raising  the  ground  water  higher  than  H 
feet,  so  that  the  upper  strata  of  the  soil,  which  was  within  reach  of 
ground  water,  did  not  show  any  greater  amount  of  water  than  the  soil 
which  had  no  ground  water  to  fall  back  upon. 

Mr.  F.  H.  King(Agric.  Expr.  Sta.  Wise.  Ann.  Rept.,  1889)  has  investi- 
gated the  water  capacity  of  soils  with  special  reference  to  the  function  of 
ground  water  m  plant  production.  Six  thousand  observations  of  ground 
water  stages  under  varying  surface  conditions  show  insufficiency  of 
capillaiT  actions  to  supply  water  for  plant  transpiration  rapidly  enough. 
He  found  that  a  column  of  1.5  in  height  of  natural  soil  (consisting  of 
Wmy  marl,  red  clay,  sandy  cla}^  and  fine  sand)  could  hold  an  amount 
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equal  to  54  cm.  precipitation,  which  is  equal  to  three-fifths  of  the  mean 
annual  precipitation  at  the  station,  of  which  the  author  presumes  not 
more  than  30.5  cm.  are  used  for  an  average  crop  of  agricultural  gi-ains. 

Coming  now  to  the  influence  which  a  forest  cover  may  have  upon  the 
water  capacit}'  of  the  soil,  we  have  to  record  the  results  of  Dr.  K.  Eber- 
mayer,  who  has  investigated  the  water  capacity  of  a  heavy  loam  soil, 
both  protected  and  unprotected  by  a  forest  cover. 

The  following  table  contains  the  measured  amounts  of  water  con- 
tained in  such  a  soil  under  a  forest  of  spruce,  twenty -five,  sixty,  and 
one  hundred  and  twentv  vears  old,  and  a  naked  soil  at  16  inches  (40 
cm.)  and  32  inches  (SO  cm.)  depth: 

]Vaier  contents  of  n  l(ntm{f  sand;  results  ft//  seasons  expressnl  in  prrcrntngfs  of  the  ireight 

of  the  soil. 


Season. 


I'pnu'c. 


25  years  old. 


GO  vears  old. 


16 


32     Aver-     16 


inch. 'inch J  age. 


inch. 


32    'Aver 


120  years  old. 


16 


32     Aver- 


inch.  1  age.  linch.  Inch.    age. 


Winter      (January     and  I  I 

Febniarv) '20.23'  17.00   18.61  18.06  17.78,  17.91  19.75  22.44   21.09 

Soring  ( March  to  Mav) ....    18. 62   is.  02   IH.  32  15. 29  16.  js'  15. 78  17. 47,  20.  S3   19. 15 

Summer  (June to  Augn.stK    15.10.  16.22   15.96  14.42  17.03   15.72  17.78  20.90  19.97 

Fall   (September  to    No-  i           I 

veml>er) '  16.57    17.57    17.07  18.49,  16. 52^  15.00  14.88   19.46,  17.17 


Naked  soil. 


32     Aver- 
Inch.    age. 


19.96  24.73  22.35 
20.66  20.51    20. 5K 

19.97  19.98,  19.97 

20.04  '20. 20!  20.12 


These  figures  show  that  a  loam  soil  under  forest  cover  is  apt  to  be 
drier  in  the  depth  of  the  root  region,  and  that  at  all  seasons,  than  in  the 
open  field  at  the  same  depth,  less  so  under  an  old  and  scattered  growth 
than  under  a  younger  growth  or  thicket. 

A  repetition  of  these  experiments,  in  which  various  depths  from  the 
top  to  32  inches  were  included,  gave  during  two  j'ears  the  following 
averages  of  water  capacity,  expressed  in  percentages  of  the  weight  of 
the  soil: 

Averages  of  water  rapacity,  expressed  in  parentages  of  tJie  iveight  of  the  soil. 


spruce. 


Depth. 


25  vears    W  years  1 120  vears 
old.  old.      I      old. 


Per  cent. 
40. 32 


Un- 
shaded 
i«oil. 


Per  rrvt.    Prr  cent. 

0  to  2  inches 30. 93  |  29. 48 

6  to  8  inches 19.19'  18.99  1^.30 

12  to  14  inches 19.10'  16.07  18.28 

19  to  20  inchej* ls.40  '  16.26  20.16 

30  to  32  inches 17.91  17.ss  ,       21.11 

Average 18. 65  17. 30  19. 71 


Pn'crnt. 
22.33 


20.62 
20.54 
20.14 
20.54 


20. 4«; 


Ebermayer  combines  the  values  for  depths  from  6  inches  down  to  32 
inches,  and  then  concludes  that  the  forest  soil  is  loss  moist,  due  to  the 
transpiration  of  water  by  plants.  This  conclusion  is.  however,  not  at 
all  warranted.  For  if  one  combines  the  figures  found  in  all  the  stmta 
from  the  top  to  3  inches  down,  they  figure  as  follows:  Spruce  25  years 
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old,  24. 79  per  cent:  spruce  60  3'ears  old,  23. 31)  per  cent;  spruce  120  years 
old,  30.01  per  cent;  naked  soil,  22.39  per  cent. 

Hence,  take  it  altogether,  the  naked  soil  contains  considembly  ICvSs 
water  than  the  forest-covered  soil.  But  the  distribution  of  the  water 
through  the  different  lavei's  of  the  soil  is  different  in  the  two  cases;  the 
naked  soil,  due  to  rapid  evaporation,  no  doubt,  contains  the  least 
ainountiii  in  its  upper  strata,  where  the  forest  soil  with  its  absorptive 
cover  preserves  the  largest  amount.  Measurements  of  the  stratum 
from  2  to  6  inches  would  probably  have  shown  the  preservative  effect 
still  more  prominently. 

The  water  capacit}'^  of  soils  and  soil  covers  in  general  has  been  re- 
ferred to  as  an  element  of  interception.  With  reference  to  the  run-off, 
this  capacity  becomes  influential  in  determining  the  manner  of  run-off. 
As  soon  as  the  soil  cover  and  the  upper  soil  strata  are  saturated,  and 
especially  when  the  latter  are  more  or  less  impermeable  and  the  rain 
continues,  either  no  water  or  only  a  small  part  gradually  can  find  en- 
trance into  the  soil,  and  the  run-off  becomes  in  the  main  superficial,  or, 
if  the  ground  be  not  sloping,  stagnant  water  results. 

For  every  watershed,  no  matter  what  its  conditions,  there  may,  there- 
fore, come  a  time  when  the  rain  or  snow  melting  continuing,  the  entire 
nin-off  becomes  superficial,  the  soil  being  unable  to  take  up  more. 

It  is  evident  that  this  time  must  occur  later  in  the  forest  than  on 
the  unforested  and  especially  naked  soil,  because  the  water  capacit}' 
of  the  soil  cover  as  well  as  of  the  protected  soil  in  the  forest  is  greater 
than  that  of  the  naked  soil  or  that  covered  with  field  crops. 

The  water  capacit}^  of  litter,  which  WoUny  investigated,  depends  on 
its  nature  and,  of  course,  its  thickness  to  a  certain  degree,  and  is  quite 
considerable,  much  greater  than  that  of  soils. 

The  water  capacity  of  various  litters  was  found  to  be  as  follows  in 
volume  per  cent: 


Depth  of  litter. 


Oak 
leaves. 


Beech       Spruce 
leaves.        litter. 


When  2  inches  deep 

When  12  inches  deep 


50.77    . 
45.42 


39.7.S  ■ 


3^.93 
41.65 


Pine 
litter. 


:w.  28 


M(>s.s. 


19.  S2 


('jilcnre- 

OllS  »»HIld 

soil.  . 


24. 93 


No  soil  cover  was  found  so  variable  in  water  contents  as  moss,  while 
litter  would  hold  two  or  three  times  as  much  water  as  moss  and  twice 
as  much  tus  the  soil. 

The  variation  of  water  capacity  at  different  depths  appears  from  the 
following  figures: 


Depth  of  litter. 


Two  inches 

Four  inche.*i . . . 
Kight  inches  .. 
Twelve  inches. 


Oak 
leaves. 

Spruce 

leave.*!. 

1 

riO.  77 
52. 99 

45.  42 

lis.  9S 
47.76 
41.03 
41.65 
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That  is  to  say,  the  increase  in  water  capacity  ceases  with  about  8-inch 
depth. 

The  quantity  of  water  which  the  soil  cover  can  contain  appears  from 
the  following  measurements  of  Dr.  Ebermayer:  On  the  17th  of  August, 
1885,  after  i*ainy  weather,  the  moss  cover  in  a  60-year-old  spruce 
growth  contained  72.33  per  cent  at  the  top,  76.64  per  cent  on  the  lower 
side,  and  71.67  per  cent  in  the  humus  soil  beneath. 

After  a  rainstorm  lasting  one  and  a  half  days,  on  September  9, 1885, 
the  moss  cover  contained  80.45  per  cent  at  the  top,  74.61  per  cent  on  the 
lower  side,  and  74.42  per  cent  in  the  top  soil. 

In  this  connection  the  following  note  regarding  the  enormous  v/ater 

capacity  of  moss  covers  in  Alaska  may  be  of  interest: 

In  the  interior  plateau  of  the  Cordilleran  and  St.  Elias  regions  of  Alaska,  accord- 
ing to  Mr.  C.  W.  Hayes,  surface  degradation  is  greatly  retarded  by  the  luxuriant 
growth  of  moss,  which  covers  practically  the  entire  surface  of  the  country.  The 
annual  precipitation  is  largely  confined  to  the  winter  months,  and  the  water  from 
the  melting  snow  is  held  by  the  sponge-like  moss,  which  remains  saturated  through- 
out the  short  but  hot  and  dry  summer.  Thus,  with  a  rainfall  which,  in  lower  lati- 
tudes, would  condition  an  arid  region,  a  large  part  of  the  surface  is  swampy,  quite 
irrespective  of  slope — that  is,  wherever  the  material  composing  it  is  sufficiently  com- 
pact to  become  impervious  to  water  on  freezing.  On  account  of  this  slow  and  im- 
perfect surface  drain?^e,  the  slopes  are  not  cut  into  the  ravines  and  arroyas  so 
characteristic  of  arid  regions. 

WATER   CONDUCTIVITY   OF   SOILS. 

Of  still  more  importance  for  the  run-off  than  the  water  capacity  is  the 
water  conductivity  of  the  soil,  or  the  rate  of  water  absolution — ^filtra- 
tion. 

The  mpidity  with  which  the  water  is  conducted  from  above  down- 
ward uuist  necessarilv  influence  the  nature  of  the  run-oflf. 

Gravity  tends  to  drain  the  water  downward,  capillarit}'  to  carry  it 
upward;  the  difference  of  these  two  forces  in  the  main  must,  besides 
the  mechanical  obstructions  of  the  soil  particles,  determine  the  rapidity 
of  drainage.  Experiments  to  establish  the  rate  under  various  condi  • 
tions  are  verj"  few  and  unsatisfactory. 

The  capillary  conduction  from  below  has  frequently  been  made  the 
subject  of  investigation,  but  the  downward  movement  has  not  yet  been 
studied  with  sufficient  detail,  and  it  has  hardly  yet  been  recognized  by 
the  experimenters  that  this  depends  upon  the  difl^erence  of  gravity  and 
capillarity  as  two  opposed  forces.  According  to  E.  WoUny's  experi- 
ments in  1883  and  1884— 

(1)  Water  is  condui'ted  downward  the  more  rapidly  the  larger  the  soil  particles 
(i.  e.,  the  leKs  capillary  attraction  exists). 

(2)  The  noncapiUary  interstices  of  the  soil  accelerate  the  downward  movement  of 
the  water  {».  e.,  the  less  mechanical  obstruction  of  soil  particles). 

(3)  In  granular  soil  tlie  water  penetrates  faster  than  in  powdery  soil  (t.  e.,  f)ene- 
tration  is  the  slower  the  denser  the  stratification).  It  ie  most  rapid  in  quartz  and 
slowest  in  clay;  in  humus  at  a  rate  Iwtween  these  two,  but  in  a  mixture  of  clay  soil 
and  humus  faster  than  the  average  of  the  two. 
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(4)  The  rapidity  of  drainage  in  a  granular  soil  is  independent  of  the  size  of  the 
grain. 

The  exi>erimenta  were  made  with  soils  of  varying  grain  in  tubes  110  centimeters 
deep,  the  water  dropping  on  top  constantly.  The  results  are  exhibite<i  in  the  follow- 
ing two  tables: 

Water  conductivity  in  mil  with  vanjing  size  of  grain. 


Soils. 


Water  sank  to  a  depth  of — 


After 5      AfterlO  '  After  15  ;  After 25  '  After 45     After 65 
minutes. '  ralimtes,   minutes*,   miniitejit. '  minutes,   minutes. 


Id  soil  of  grain—                         .  Oh. 

0.01  to  0.71  millimeters I  H.  8 

0.071  to  0.114  millimeters  . .  18. 0 

0.114  to  0.195  millimeters . .  28. 3 

0.175  to  0.2  millimeters 45. 0 

0.25  to  0.50  millimeters 84.0 

M  ixture  of  various  grains  .  11.0 


Cm. 
12.8 
27.0 
48.0 
82.0 


Cm. 

16.2 

37.0 

65.0 

110.  U 


Cm. 
21.3 
52. 5 
96.0 


Cm. 
30.0 
79.0 


19.0 


24. 5 


33.2 


50.8 


Cvi. 
36.7 
103.0 


After  120 
minutes. 


65. 5 


Cm. 


52.0 


106.0 


Water  conductivity  in  granular  aoiU. 


i 


Soils. 


Water  sank  to  a  depth  of— 


Afteroue- 
halfhour. 


After  1 
hour. 


After  3 
hours. 


After  4 
hours. 


Loam  powder:                                             i  Cm. 

0  toO.25  millimeters 9. 0 

0.5  to  1.0  millimeters I  18. 8 

Loam  granules: 

1  to  2  millimeters 19.0 

2  to  4  millimeters '  19. 3 

4  to  6.75  millimeters |  18.  s 

6.75  to  9  millimeters '  18. 5 

Mixture I  4.0 


Cm. 

Cm. 

32. 1 

20.2 

32. 2 

82. 4 

32.2 

83.1 

32.0 

81.5 

30.4 

77.  5 

31.0 

80.5 

8.0 

11.0 

Cm. 

23.4  I 
KK).0 

100.0 

100.  U 

99.6 

100.0 

19. 5 


After  23 
hours. 

After  59 
hours. 

Cm. 
57.4 

Cm. 
97.6 

1 

24.1             100.0 

According  to  Fesca  the  downward  movement  proceed.s  quickest  in  a 
dry  dust,  onh'  slowly  in  clay  soils;  the  same  amount  of  water  being 
drained  through  the  former  in  one  hour  which  it  took  two  da^s  to 
drain  through  the  latter. 

The  influence  of  a  soil  cover  on  the  physical  condition  of  soils  has 
been  investigated  directly  by  Wolln^^;  he  comes  to  the  result  that  veg- 
etation and  cover  with  dead  material  (straw,  litter,  etc.)  tend  to  pre- 
serve the  loose  granular  structure  of  the  soil. 

The  forest  cover,  then,  has  a  tendenc}"  to  preserve  the  granular, 
porous  structure  of  the  soil,  which  is  favorable  to  filtration;  and  as, 
moreover,  the  roots  furnish  channels  for  unimpeded  drainage,  it  must 
have  the  tendenc}",  other  things  being  ecjual,  to  allow  a  more  rapid 
filtmtion  than  the  naked,  mostly  compacted  soil,  or  even  that  of  a  field 
of  crops  after  cultivation  ceases. 

The  temperature,  too,  appears  to  have  an  influence  favora})Ie  to 
rapid  Altrntion  in  the  forest;  for,  according  to  Pfaf!',  in  the  field  dur- 
ing winter  three-quarters  of  the  precipitation  will  sink  to  2  feet  depth 
in  the  soil,  and  not  more  than  10  to  30  per  cent  in  summer. 

Unless,  therefore,  the  forest  cover  itself  had  a  tendency  to  retard 


150 


FOREST   INFLUENCES. 


penetration,  which  we  will  see  is  not  the  case,  the  influence  of  the  for- 
est upon  the  intensity  of  water  absorption  would  be  in  the  direction  of 
diminishing  superficial  flow  and  facilitating  subterranean  drainage. 

This  factor  is  of  the  utmost  importance  in  the  discussion  of  the 
causes  of  floods.  Without  a  consideration  of  the  water  capacity,  and 
still  more,  of  the  intensity  of  water  absorption,  it  will  never  be  possible 
to  draw  conclusions  as  to  probable  floods  from  the  amount  of  precipita- 
tion alone. 

The  influence  of  various  soil  conditions  and  soil  covers  upon  the 
amount  of  water  that  will  filter  through  has  been  investigated  by 
WoUny  and  Ebermayer  in  an  extended  series  of  experiments. 

Experiments  of  this  kind  which  will  ^neld  results  applicable  to  nat- 
ural conditions  are  exceedingly  difficult  to  arrange,  and  require  not 
only  many  precautions,  but  must  be  continued  for  a  long  time  before 
generalizations  can  be  attempted.  One  of  Wollny's  scries  of  experi- 
ments was  intended  to  show  the  influence  upon  filtration  of  a  gra.ss 
cover  on  diflferent  soils.    The  results  calculated  for  1  acre  are  as  follows: 


Kinds  of  soil. 


Calcareous  sand  with  humus 

Quartz  s*ind  * 

Lonm  soil* 

Peat  soil 


Amount  of  filiration. 


Fallow 
field. 


Grass 
covered . 


Pounfifi.  1  Poiindf, 

l..=>93,216  7S2.334 

3,044.250  ,  6<il..>lh 

1,5-29.671  i  59,ia5 

2.048,124  :  4a'>,lt!2 


*  From  May  to  November. 

The  grass  cover,  therefore,  reduced  considerably  (by  50  per  cent  and 
more)  the  percolation  of  water.  Ebermayer  experimented  with  boxes 
43  square  feet  surface  (-1:  square  meters)  and  4  feet  deep,  filled  with 
garden  soil,  leaving  one  bare,  covering  another  with  moss,  and  two 
others  each  planted  with  tJ-year  old  plants  of  beech  and  of  spruce,  with 
the  following  result^,  arranged  according  to  seasons: 


Year. 


1H86. 

March  to  Ma  y 

June  to  August 

September  to  November 

December  to  February 


Rain. 


mm. 
1.M>.98 
500. 22 
114.45 
120. 80 


Filtrniiou  water  in  hei(?ht — 


Under 
beech. 


Under 
spruce. 


Under 
moss. 


Nake<1 

soil. 


mm. 

12.65 

15.  S9 

1.12 

9.73 


mm. 

10. 52 

12.09 

0.  70 

5.9« 


7nm. 

16.96 

31.  (Mi 

7.17 

11.40 


mm. 

10.93 

26.18 

3.27 

9.(«S 


Total 

957. 95. j 

•219.20  1 
210. 60 

39.39 

10.61 
2.50 

29. 3.5 

5.05 
1.49 

67.13  1 

14.40 
13.00 

1 

49.41 

March  to  Mav 

1H.S7. 

9.97 

June  to  AuKust - 

3.91 

•       

In  these  experiments  it  is  remarkable  how  small  a  percentage  of  the 
rainfall  was  filtered  through,  which  would  lead  us  to  look  at  the  results 
with  caution,  namely: 
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Of  the  total  rainfall  wa«  filtered 


By  soil  coTcred  with  moss 

By  soil  naked 

By  SL»iI  ci>vered  with  beech  grrowth. 
By  soil  covered  with  spruce  growth 


PtrcfiU.    Pirctnt. 
7  6.2 

5. 1  3. 5 

4.1  2.9 

3      I  1.5 


In  regard  to  the  amount  of  filtration  which  various  .soil  covers  allow, 
we  have  the  following  very  instructive  results  from  the  experiments  of 
WoUny,  in  which  the  amounts  of  rain  and  corresponding  filtmtion  on 
62  sijuare  inches  surface  are  given: 


May  to  September,  i  April  to  September, 
lA86  —  totftl    rain  I      lss7— total  rainfall 


'28,529  grams. 


18,t>52  grams. 


Oak  leaves: 

5  centimeters 
10  centimeters 
20  centimeters 
30  centimeters 

Spruce  litter: 

5  centimeters 
10  centimeters 
20  centimeters 
3«j  centimeters 

Pine  needles: 
30  centimeters 

M(i?»: 

5  centimeters 

Bare  .*<iil: 

30  centimeters 


Amount,   l  ^f^rflfn  ^ '  Amount, 
grams.  j^,,"    ;     grams. 


Per  cent 
of  rain- 
fall. 


17,591 
19,482 
21.1(iO  I 
21,061   ' 

17. 793 
19.277 
19. 523 
19, 167 

19,734 

14.993 

11,(510 


f)1.7 
{j.S.3 
74.1 
73.8 

02. 4 
07.  5 
0>'.  3 
0>.  2 

09. 2 

r.2. 5 

10.7 


7.SW  ! 

7,;io3 
12, 954 
13,272  I 


7.  :i50 
14.011   I 
13,912  ' 

9,784 

7. 2G0 

3, 030 


42. 3 
39.4 
f)9.4 
71.2 

40.  4 
39.  1 
78.3 
74.6 

52.1 

38.9 

19.5 


These  figures  show  that  a  litter  will  filter  considcrabl}'  larger  amounts 
of  water  than  a  soaked  .soil  of  the  same  depth,  and  that  the  moss  cover 
allows  less  water  to  filter  than  the  litter.  This  is  accounted  for  by  the 
soil  needing  a  larger  amount  of  water  to  supply  the  moi.-ture  evapo- 
rated than  the  litter  which  remains  moi.st. 

Notable  is  the  influence  which  the  thickness  of  the  cover  exerts  upon 
the  amounts  of  drain  water  and  also  the  relation  of  the  amount  of  pre- 
cipitation to  the  amount  of  filtration. 

It  will  be  noticed  that  with  a  thicker  cover  to  1  foot  in  depth  (30 
centimeters)  the  amount  of  precipitation  hardly  changes  the  amount  of 
drain  water,  while  the  lighter  covers  have  much  less  power  to  preserve 
a  small  precipitation,  for  of  course  the  amounts  not  drained  are  evapo- 
rated. 

E.  Ebermayer  (Sicker wa.ssermengen  in  verschiedenen  Bodenarten 
Wollny  1890)  from  a  long  series  of  experiments  comes  to  the  conclusion 
that  besides  clay,  it  is  especially  humus,  which  imbibes  almost  all  pre- 
cipitation and  gives  up  ver\'  little  water  below. 

A  layer  of  garden  mold  of  1  m.  furnished  only  3.2,  5.7,  and  7.1  per 
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cent  filtration  water  from  precipitation  in  fall,  sprinjif,  and  winter. 
"If,  therefore,"  he  says,  "our  earth  were  covered  with  a  humus  soil  of 
1  m.  in  depth,  subterranean  drainage  would  he  so  slim  that  spring's 
would  be  scanty  and  continuously  flowing  springs  absent." 

P>om  these  experiments  it  would  then  be  conceivable  that  the  forest 
floor  could  be  of  such  nature  as  to  prevent  mpid  filtration  to  the  soil 
(clo*ie  uninterrupted  moss  carpets,  or  compact  humus),  when  with  sud- 
den large  masses  of  rain  falling  less  water  would  become  available  for 
underground  dminage  than  without  the  forest  cover.  Such  conditions, 
however,  are  exceptional;  the  possibility  of  their  occurrence,  on  the 
other  hand,  makes  it  necessarj'  in  every  additional  case  to  ascertain  not 
only  the  nature  and  stratification  of  the  soil,  but  also  the  nature  of  the 
soil  cover  or  forest  floor,  before  we  can  determine  whether  or  not  the 
presence  of  the  forest  is  conducive  to  practically  greater  percolation. 

There  is  another  element  favorable  to  the  absorption  of  water  by  the 
soil,  and  to  percolation  and  subterranean  drainage,  which,  as  far  tis  I 
know,  has  not  been  elsewhere  noted.  It  is  the  fact  that  snow  will  lie 
in  the  forest  more  evenly  and  continuoush"  than  on  the  unprotected 
surface.  This  element  of  conservation  not  only  increases  the  amount 
finally  remaining  for  drainage,  but  also  prevents  the  soil  from  freezing, 
keeping  it  open  for  percolation  when  the  snows  melt  in  spring. 

In  open  fields  the  snows  are  not  onlj'  apt  to  be  dissipated  b}^  evapo- 
ration, but  the  soil  is  more  apt  to  >)ecome  incrusted  with  an  imper- 
meable surface  stratum  which  would  turn  over  the  melting  snow 
waters  into  surface  drainage. 

It  is  these  snow  waters,  preserved  to  the  subterranean  drainage, 
which  aV)ove  all  account  for  the  continuity  and  equalitv  of  flow  in 
springs  far  awaj'  from  the  catchment  basin,  the  waters  that  fell  in  the 
winter  and  melted  in  the  spring  reappearing  in  summer. 

A  further  element  tending  to  increase  the  amounts  of  subterranean 
drainage  waters  lies  in  the  retardation  of  the  surface  flow,  by  which 
the  time  is  lengthened  during  which  the  soil  maj"  take  up  and  filter 
through  rain  and  snow  waters. 

The  forest  floor  offers  such  impediments  to  surface  flow  not  onh'  in 
greater  degree  than  any  naked  soil  l)ut  than  any  other  vegetation.  An 
advantage  over  other  kind  of  vegetation  is  also  found  in  the  deep  pene- 
tnition  of  the  roots  of  trees,  which  increases  the  chance  for  percolation, 
while  the  more  compact  soil  cover  of  a  green  sward  would  be  rather 
opposing  percolation.  All  that  has  })ecn  said  regarding  evapomtion 
and  transpimtion  within  and  without  the  forest  needs  also  be  kept  in 
mind  in  the  discussion  of  the  amounts  of  drainwaters  for  underground 
disposal. 

The  conclusion,  then,  is  that  in  gencml  a  forest  floor,  although  retain- 
ing nmch  of  the  water  in  its  upper  strati,  allows  less  water  to  run  oflf 
superficially,  and  by  rendering  the  soil  more  permeable  larger  amounts 
of  water  are  turned  into  subterranean  channels. 
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While  this  increase  in  drainage  waters  is  the  oreneral  tendency  of  the 
forest  cover,  geological  stratification  may  be  so  favorable  to  drainage 
(deeph-  fissured  vertical  or  tilted-up  strata)  that  on  the  score  of  i)er- 
colation  at  least  the  eifect  may  become  irrelevant,  or  it  ma\'  l)e  so 
unfavorable  (horizontal  untissured  sti*ata)  that  the  influence  upon  per- 
colation may  become  practically  of  small  value. 

While  underground,  one  part  of  the  filtered  water  becomes  station- 
ary as  soil  moisture  retained  in  the  capillaries  of  the  soil,  and  finally'  in 
part  to  be  returned  to  the  air  by  transpiration  from  the  foilage  and 
evaporatioiT  from  the  surface  of  the  soil.  The  other  part— the  surplus 
above  the  water  capacity  of  the  soil — continues  to  filter  through  the 
;soil,  gathering  into  definite  channels,  collecting  in  beds  or  basins,  and 
finally  reappearing  as  springs.  It  is  obvious  that  the  first  part  can  not 
be  more  than  the  water  capacitj'  of  the  entire  soil  layer,  unless  there 
be  standing  ground  water  which  would  replenish  the  loss  by  transpira- 
tion and  evaporation,  sustained  by  the  soil  moisture. 

Now,  by  reasoning  from  the  statements  regarding  the  greater  ease  of 
percolation  in  soils  kept  granular  under  the  protection  of  a  forest-floor, 
juj  well  as  b}^  the  experiments  regarding  water  conductivity^  and  water 
capacity  of  soils  under  var3Mng  conditions,  and  regarding  actual  meas- 
urement of  filtration  waters  from  such  soils,  we  are  forced  to  admit 
that  in  general  the  quantities  remaining  for  underground  runs  are  not 
onh'  larger  in  the  first  place,  but  remain  so  during  their  subterra- 
nean existence,  suffering  less  loss  by  evaporation  under  the  forest  cover. 
This  effect,  especially  apparent  on  shallow  soils,  will  be  more  sensible 
the  further  away^  from  the  catchment  basin  the  water  reappears  as 
a  spring,  that  is,  the  longer  the  subterranean  run. 

FORMATION   OF  SPRINGS    AND   CONDITIONS    AFFECTING   TEEIR    FLOW. 

Finally  we  come  to  a  consideration  of  the  conditions  which  determine 
the  final  reappearance  of  the  underground  drainage  in  the  springs. 
The  place  where  a  spring  appears  is,  of  course,  predicated  in  the  first 
place  by  the  structure  and  topography  of  the  soil  and  rock  strata. 
The  question  of  the  .location  of  a  spring  is,  therefore,  a  dynamical  one, 
on  which  the  soil  cover  can  have  but  little  influence.  Yet  even  here, 
an  mdirect  influence  ma}'  be  found  in  the  amount  of  water  to  be 
drained,  and  in  the  looseness  of  the  surface  soil,  both  of  which  condi- 
tions would  tend  to  produce  more  numerous  outlets  and  a  wider  distri- 
bution of  reappearing  underground  waterj>. 

The  following  elementary  explanation  of  the  formation  of  springs 
may  serve  to  show  how  geological  conditions  influence  to  a  large  ex- 
tent the  manner  in  which  the  waters  falling  on  the  watershed  are  dis- 
tributed in  underground  channels,  collected  and  discharged,  and  that, 
in  spite  of  favorable  forest  conditions,  a  region  may  be  poor  in  springs 
and  that,  without  any  disturbance  of  the  forest  cover,  a  change  in  the 
location  or  even  m  the  run  of  springs  may  occur. 
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Springe. — A  epring  ia  water  which  has  penetrated  thesatilandreappearpcollectedon 
the  surtat*.  Sprinpaare  in  tno»t  mses  tlie  Ijejtinniugsof  brooks  and  rivers.  Accord- 
ing to  the  manner  in  which  the  percolated  water  reaches  the  surface,  ppriniw  may  be 
classed  aa  standi iig  or  running  springs. 

The  standing  or  grouml-water  springs  ak  such  as  collect  water  in  sorae  depression 
of  the  soil  and  overflow  only  us  long  At  the  water  reaches  the  lower  level  of  th«  nut* 
let.  Their  formation  is  easily  understood  from  the  accompanying  figure  (61),  in 
which  (1)  represents  a  hillside  of  massive  n)ck,  continuing  uniler  the  overlying 
strata  at  ".  The  latter  consists  of  impermeable  strata  (2, 2)  clny,  loam,  marl:  above 
this  a  layer  of  gravel  of  coarse  sand  and  rock  material  (3),  and  aljove  this  a  itratnm 
of  soil  (4),  which  at  X  iMBl>sent,leavingan  open  howl  wherethegravel  layer  becoines 
visible.  All  the  rain  water  falling  on  the  plateau  u  p  and  on  the  slo^  o  'i  running 
down,  when  arriving  at  the  iuipeneimble  strata  near  h,  will  be  diverted  into  ili« 
gravel  bed  and  spread  in  this,  being  prevented  by  the  underlying  impermeable  strata 
from  sinking.  When  siilficient  water  is  snppiieii  the  water  level  rises  until  it  appears 
at  X,  and  if  there  is  an  outlet  over  the  rim  of  the  bowl  and  sufhcient  sloi)e  of  the 
groun<1  the  spring  begini;  to  How,   forming,  it   may  be,  the  l)eginning  of  a  brook. 


Such  a  standing  or  ground-water  spring  ceases  to  run  if  ])recipitation  ceases  for  a 
length  of  time  sHtficient  to  reduce  the  water  level  below  the  outlet.  Similar  <Miidi- 
tiiins  can  occur  alongside  of  rivers  when  the  >ce[ia>te  of  the  river  suppliea  the 
water  to  a  spring  lielow  the  river  level,  and  the  level  of  these  seepage  waters  ri«i« 
and  falls,  of  course,  with  the  rise  and  fall  of  the  river  level. 

Of  running  springs,  there  may  be  distingiiishe'l,  according  to  the  manner  of  their 
formation,  three  kinds — soil  or  surface  springs,  fissure  springs,  and  cavern  springi^. 

A  surface  spring  ori^'inates  when  a  more  or  !es.j  impermeable  soil  forms  part  of  or 
lies  near  the  np|ier  Miil  stratnm,  allowing  the  water  (o  enter  only  imperfectly  and 
til  au  inconsiderable  depth,  and,  passing  Ihrough  the  liKtscr  jiarts  of  the  soil,  to  col- 
lect and  come  to  the  siirfai'e  at  some  |xiint  where  the  top  soil  is  altsenl.  These 
shallow-soil  springs  naturally  vary  i|uite  sensibly,  according  to  the  physical  condi- 
tions of  the  surface,  and  are  dependent  directly  on  the  precipitation;  dry  up  easily 
if  it  does  not  rain  or  if  the  soil  is  exposal  to  insolation  and  is  deprived  of  shade; 
they  are  warm  in  summer  and  freeze  out  in  winter.  They  are  usually  found  in  local- 
ities where  the  mck  consists  of  easily  disint^rate<1  clay  slates  and  sandstones, 
Cii|ipe<l  with  a  shallow  layer  of  decomposed  rock,  or  in  the  neighborhood  of  loam 
hills.  An  aildition  of  broken  rock  and  stones  to  the  soil  facilitates  the  penetration 
of  the  water  and  increases  the  comparative  How  of  these  springs. 

Whole  districts  along  the  foot  of  the  Alps  in  Switierlatid,  Bavaria,  Austria,  and 
the  Carjiathians  in  Galiciii,  etc.,  have  hardly  any  cither  kind  of  springs. 

The  second  class,  conveniently  calleil  "fissure"  springs,  originate  from  the  waters 
which  have  deeply  penetrated  thesoil  and  rock  through  the  fissures,  rents,  anil  splits, 
or  numlierles!"  cleavaae  strata  of  the  upj-er  rock  formations,  and  ultimately  reach  a 
deeper  lying  inclined  rock  formation,  which  prevents  further  )ieiietration  and  causes 
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,  thr  Kstrr  to  run  along  its  upper  plane  until  the  fonnatiuu  somewhfre  cornea  to  the 
I  mrbre  and  with  it  the  collecteil  water  of  the  spring.  The^  L-omlitions  are  illustrated 
in  the  occoDipanyin^  cut  (Fig.  62),  in  which  6  c  d  ef  represents  the  up|ier  fissured 
'  fpraiationa  through  which  the  rain  and  mow  waters  penetrate  to  the  lower  impei^ 
imahle  gtiata  below  the  line  (■/,  necessarily  ((ravitating  to  point/,  where  the  oppor- 
tunity for  discharging  ae  a  spring  esists;  a  fiiialler  spring  might  occur  at  e.  Such 
conditioiis  exist  where  lime  or  dolomite  rocks  overlie  ban)  sandstonei",  compact  clay 


slates,  or  clay  be<lH,  These  springs,  as  a  rule,  are  much  less  dependent  on  the  changes 
of  precipitation  and  temperature;  they  are  mostly  continuous  and  even  in  their  flow 
and  their  tempeTBlu re. 

The  third  class  of  the  running  springs  may  properly  be  calleii  "  cavern"  springs, 
from  the  fact  thai  while  their  waters  are  drained  lite  those  of  the  second  class,  they 
are  first  collected  in  s<jine  subterranean  l^ai^lns  or  I'averai^,  and  appear  on  the  surface 
as  overflow  of  these  hasinti. 

In  the  accompanying  figure  (&'l),  x  '<  •■  is  thecalchment  bawin,  from  which  the  vari- 
ous fissures  conduct  the  water  .1,  overflowing  at  A'into  B,  an<l  from  there  overtiovr- 
ing  and  appearing  at  the  surface  at  Y. 


Fio,  ij3.— Cavern  sprlag. 


This  kind  of  spring  is  found  frequently 
waters  of  such  often  come  from  great  ilislan 
bee,  they  are  usually  of  very  cold  and  eve 
irben  the  soil  is  frozen  and  when  precipitatii 


n  limi-slone  formations,  and  sini 
H  fromalKive  their  discharge  at  It 
temperature;  they  are  apt  to  ru 
small;  and  their  discharge  is 


IT  less  intermittent.     The  obstruction  of  (he  old  and  o|>ening  uf  a 
fall  of  rocks  at  A' and  Y,  and  the  widening  of  a  formerly  insignificant  f 
may  rednce  the  flow  or  stop  the  original  spring  entirely,  opening  a  ni 
tntirely  different  part  of  the  locality. 
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While  we  have  here  considered  conditions  under  which  springs  are 
formed,  there  are  also  conditions  under  which  their  formation  is  ex- 
cluded; such  might  be  found  in  extended  plains  or  low  hill  lands,with 
a  compact,  impermeable  soil, which  may  give  rise  to  pools  and  moi*asse^, 
but  not  to  springs.  Plateaus  of  fissured  limestone  dolomites  or  of  com- 
pact gneisses  or  granites  may  also  be  poor  in  springs,  their  waters  sink- 
ing at  once  to  such  depths  that  no  discharge  is  met  in  the  immediate 
neighborhood  of  the  catch-basin,  or  else  shedding  the  water  at  once 
superficially. 

The  most  direct  influence  of  a  forest  cover  upon  the  discharge  would 
be  noticeable  on  the  surface  springs,  since  in  these  the  catchment  area 
and  the  place  of  discharge  lie  close  together,  while  the  underground 
run  is  not  only  short,  but  lies  near  thesurface,  and  hence  experiences 
most  sensibly  the  eflfect  of  the  protection  against  evaporation  which 
the  forest  cover  offers.  Deforestation  here  would  no  doubt  reduce  or 
cut  otF  discharge  entirely. 

In  cavern  springs  an  influence  could  be  exercised  only  in  the  indi- 
rect manner,  by  the  increase  of  filtration  over  the  catchment  basin.  The 
same  pertains  to  fissure  springs,  whose  sources  of  supply  are  usually 
quite  removed  from  evaporative  influences,  and  onl}'  where  these  come 
nearer  the  surface  or  when  the  spring  is  only  small  may  the  removal 
of  the  shade  of  forest  cover  reduce  the  outflow. 

With  reference  to  ground-water  springs,  which  come  to  light  at  a 
considerable  distance  from  the  catchment  Imsin,  the  conditions  of  the 
latter  as  far  as  the  influence,  increase,  and  preserv^ation  of  water  sup- 
plies, and  of  the  area  over  and  under  which  the  waters  run  collect,  is 
of  considei'able  importance,  while  the  surface  condition  of  the  area 
within  which  the  spring  lies  {a  e  of  Fig.  61),  if  of  impermeable  strata, 
is  of  less  consequence,  except  that  a  forest  growth  may  lower  the  ground- 
water level  by  transpiration,  should  the  water  quantities  furnished 
from  the  catchment  basin  not  be  continuous  and  suflicient.  Jf  these 
strata  consist  of  permeable  soil,  they  would  act  as  a  second  catchment 
basin,  and  the  eflfect  of  the  soil  cove'r  upon  the  quantity  of  drain  waters 
(precipitation,  evaporation,  and  transpiration)  Avould  be  directl}^  no- 
ticeable. We  have  seen  that  the  tendency  of  the  forest  cover — trees, 
foliage,  litter,  moss — is  to  change  a  certiiin  amount  of  surface  drainage 
into  subterranean  drainage,  or,  in  other  words,  to  reduce  the  surface 
waters  where  thev  have  fallen.  Eventuallv,  however,  the  subterra- 
nean  waters  come  to  the  surface  again,  and  add  their  stores  to  the 
surface  waters,  that  are  carried  away  in  open  runs,  ])rooks,  and  rivers. 
Finally,  then,  all  the  water  that  falls  on  the  catchment  basin,  except  that 
which  is  returned  to  the  atmosphere  b}'  transpiration  or  evaporation, 
))ecomes  surface  water;  !)ut  the  manner  in  which  it  runs  off  is  the 
important  point. 
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INFLUENCE   OF  FORESTS  UPON   SURFACE   DRAINAGE. 

Surface  waters,  like  springs,  may  be  considered  from  three  points  of 
new,  namely,  their  quantity,  the  course  and  manner  of  distribution, 
and  finally  their  behavior  when  collected  in  rivers.  All  that  has  been 
8aid  regarding  the  conditions  of  underground  drainage  has,  of  course, 
a  bearing  upon  the  quantity  of  surface  drainage.  The  amount  of  sur- 
face run-off  is  the  complement  of  the  amount  drained  off  by  springs, 
and  it  follows  that  where  surface  drainage  is  the  rule  the  supply  to 
springs  is  scanty,  and  vice  versa. 

It  is  evident  that  the  conditions  for  a  superficial  run-off  are  to  be 
foand,  first,  in  the  amount  and  nature  of  precipitation,  and  next  in  the 
soil  and  suface  conditions.  A  violent  rainstorm  will  naturally  furnish 
more  superficial  run-off  than  when,  the  rain  falling  slowly,  time  is  given 
for  the  soil  to  absorb  it;  a  snow  cover,  fallen  on  frozen  ground,  is  apt 
when  melting  to  shed  its  water  over  the  frozen  surface  without  pene- 
trating the  soil. 

Nature  of  soil  and  soil  cover  and  topography  determine,  with  equal 
amounts  of  water  to  dispose  of,  what  the  nature  of  the  run-off  will  be. 
An  impermeable  soil  takes  up  suflScient  water  to  make  it  plastic  and 
then  sheds  all  additional  water  superficially;  a  permeable  soil  continues 
to  take  up  water  and  conducts  it  into  the  depth.  This  difference  of 
behavior  must  influence  and  determine  largely  the  conditions  of  any 
river  bed;  for  if  it  run  for  some  distance  through  impermeable  soil 
even  insignificant  rainfalls  will  rapidly  collect  and  swell  the  river, 
while  the  permeable  soil  would  have  taken  up  and  held  all  or  parts  of 
the  precipitation  and  would  only  gradually  have  given  it  up. 

The  topography  determines  the  rapidity  of  run-off  and  of  collection. 
The  more  diversified  the  countr\' — cut  into  dells,  cov^es,  rills,  and  fur- 
rows, steeper  and  less  steep  slopes — in  the  greater  number  of  runs  of 
unequal  length  is  the  water  collected,  while  the  less  diversified  the  con- 
tour the  more  water  must  be  carried  off  in  each  run.  Yet  where  the 
diversity  of  configuration  is  accompanied  by  steep  slopes  the  run-off 
may  be  so  rapid  that  the  valley  river  is  filled  more  rapidly  than  the 
river  of  the  open  plains  country  with  even  slopes  of  moderate  inclina- 
tion. 

Thus  in  some  of  the  river  valleys  of  West  Virginia  the  watersheds 
are  scooped  out  into  such  an  array  of  coves,  gashes,  and  water  courses 
and  minor  watersheds,  and  so  steep  and  rapid  in  descent  that,  in  spite 
of  the  forest  cover,  a  rainfall  of  a  few  days  will  induce  a  rapid  rise  of 
the  rivers,  while  the  same  amount  of  rain  will  hardly  wet  the  ground 
in  a  prairie  country  like  Iowa. 

As  regards  soil  and  surface  conditions  it  is  obvious  that  the  less 
permeable  the  soil  or  soil  cover  the  less  the  absorptive  capacity  of  the 
same,  and  the  fewer  mechanical  obstructions  are  met  the  more  water 
runs  off  superficially. 
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RETARDATION   OF  THE   WATERFLOW. 

It  is  in  the  first  place  this  mechanical  obstruction  which  a  forest 
floor  more  than  most  other  kinds  of  vegetation  offers,  which  changes 
the  distribution  in  time  of  surface  waters,  that  constitutes  the  forest  an 
influential  factor  in  water  flow. 

Direct  measureineats  as  to  the  difference  in  time  which  it  takes  for 
water  to  run  off  from  watersheds  of  different  conditions  are  difficult  or 
ahuost  impossible,  because  it  would  be  necessary  that  not  only  the  same 
amount  of  water  should  fall  upon  the  two  areas  under  comparison,  but 
also  that  the  topography,  angles  of  slopes,  and  length  be  the  same,  and 
a  read}'  means  of  measurement  be  found.  In  fact,  the  absoi-ption  and 
obstruction  to  surface  flow  acting  in  the  same  sense,  it  would  be  impos- 
sible, and  for  practical  purposes  also  irrelevant,  to  credit  each  wMth  its 
separate  quota  of  influence.  We  shall,  therefore,  have  to  be  content 
with  general  reasoningand  more  or  less  inaccurate  observations  to  prove 
this  retardation  of  surface  drainage.  But  without  an}-  evidence  fur- 
nished by  experiments,  we  can  at  once  understand  that  the  surface  run-oflf 
is  impeded  by  any  kind  of  mechanical  obstruction,  such  as  is  offered  by 
the  vegetation  of  a  meadow  or  of  a  forest. 

The  great  number  of  inequalities  which  the  forest  floor  offers,  in  ad- 
dition to  the  trunks  and  stumps  and  fallen  trees,  forces  the  run-off  to 
many  detours,  thus  retarding  its  flow  and  its  collection  in  the  open  runs 
and  brooks. 

The  retardation  in  the  wateiiiow  begins  even  before  the  rain  has 
reached  the  soil,  for  the  leaf  canopy  catches  and  reevaporates,  as  we 
have  seen  from  12  to  25  per  cent  of  the  total  fall,  and  certainly  retards 
the  fall  of  the  water  to  the  ground,  as  can  be  readily  observed;  long 
after  the  rain  has  ceased  the  water  keeps  on  dripping  from  the  foliage. 
Thus,  although  most  of  the  water  reaches  the  ground  at  last,  except  in 
case  of  very  light  showers,  j'et  the  devious  ways  in  which  it  reaches 
the  soil  makes  the  flow  of  water  from  a  forest-covered  hill  longer  in  time 
than  if  the  rain  had  fallen  on  a  bare  slope.  As  the  result  of  a  long- 
continued  precipitation,  it  would  be  under  the  same  conditions  by  an 
unforested  slope,  but  this  stage  occurs  in  the  forest  later  than  on  un- 
forested  soil  and  later  still  than  on  naked  soil. 

The  great  importance  of  the  factor  of  time  in  surface  drainage,  both 
as  regards  dangers  from  freshets  and  erosion  of  soil,  will  be  more  readily 
appreciated  when  w^e  remember  that  the  dangerous  waters  in  the  moun- 
tains are  generally  of  short  duration. 

A  difference  of  1,000  to  2,000  cubic  feet  of  water  per  second  from  a 
square  mile  of  watershed  ma\'  often  determine  whether  a  dangerous 
flood  is  experienced  or  not.  And  since  a  square  mile  of  moss- covered 
forest  floor  is  capable  of  absorbing  from  4().()00,000  to  50,000,000  cubic 
feet  in,  say,  ten  minutes  (a  humus  cover  is  capable  of  taking  up  50  i>er 
cent  of  its  own  weight),  nearly  all  of  which  the  naked  soil  would  give  up 
some  twelve  to  fifteen  hours  earlier,  the  surface  conditions  of  the  water- 
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shed  must  in  many  cases  be  determinative  in  the  excesses  of  water  flow 
in  rivers. 

This  important  fact  should  at  least  be  recognized,  that  the  surface 
conditions  of  the  soil  of  a  watershed  are  the  only  controllable  factors 
in  the  problem. 

Amount  of  precipitation,  topography,  and  chamcter  of  the  soil  are 
the  practically  unchangeable  other  conditions  which  determine  the 
occurrence  of  freshets  and  floods.  With  a  forest  floor  in  good  condi- 
tion, small  precipitations  are  apt  to  be  a}>sorbed  readily  and  entirely 
preA'ented  from  running  off  superficially :  with  excessive  rainfalls,  topo- 
graphical and  soil  conditions  have  eventuall}'  more  influence  than  the 
forest  floor;  from  steep  declivities  and  an  impermeable  soil  waters  will 
be  shed  supeiiicially  in  spite  of  and  over  the  forest  floor  as  soon  as  the 
latter  is  saturated  at  the  surface. 

Yet  even  so,  a  difi'erence  in  the  run-oflf  will  be  experienced  by  the 
fact  that  the  well-protected  forest  soil  prevents  erosion,  the  formation 
of  detritus,  and  the  carrying  of  debris  into  the  runs  and  brooks  below. 

EXPERIENCE    IN    THE    FRENCH    ALPS. 

By  this  protection  of  the  soil  the  so-called  torrential  action  of  water 
is  prevented,  which,  as  the  histor\'  of  some  departments  in  southern 
France  has  shown,  is  capable  of  devastating  thousands  of  acres  offer- 
tile  land  by  carrying  the  detritus  into  the  valleys  and  depositing  it 
there.  At  the  same  time  the  reforestation  work  of  the  French  Govern- 
ment has  also  progressed  far  enough  to  furnish  proof  that  the  recloth- 
ing  of  the  denuded  hills  is  the  practical  remedy  against  these  torrents. 

Not  onlv  were  the  mountain  sides  themselves  devastated  and  made 
useless  by  the  destructive  action  of  the  water,  })ut  fertile  farms  for  200 
miles  from  the  source  of  the  evil  were  ruined  by  the  deposit  of  the 
debris,  and  the  population  pauperized  and  driven  out. 

According  to  M.  Demontzey,  forest  administrator  of  France,  it  was 
estimated,  in  1866,  that  the  area  of  denuded  mountain  lands  needing 
reforestation  was  2,964,000  acres.  The  Government  has  taken  hold  of 
the  restoration  of  the  most-needing  area,  some  780,000  acres,  on  which 
so  far  some  ^10,000,000  have  been  expended,  while  private  owners  and 
communities  have  increased  this  expenditure  for  the  repair  of  past  fol- 
lies to  over  $30,000,000,  which  is  estimated  to  be  about  one-half  of 
what  is  necessary. 

How  in  our  own  countrv  this  erosive  and  destructive  action  of  water 
is  at  work  even  in  the  hill  country'  is  thus  graphically  described  b}-  Mr. 
McGee,  in  speaking  of  the  bad  lands  in  the  State  of  Mississippi: 

With  the  moral  revolution  of  the  early  sixties  came  an  industrial  evolution;  the 
planter  was  impoverished,  his  sons  were  slain,  his  slaves  were  liberated,  and  he  wa«j 
fain  either  to  vacate  the  })lantation  or  greatly  to  restrict  his  operations.  So  the  cul- 
tivated acres  were  abandoiie<l  by  thousands.  Then  the  hills,  no  longer  protected  by 
the  forest  foliage,  no  longer  bound  by  the  forest  roots,  no  longer  guarded  by  the 
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balk  and  brush  dam  of  the  careful  overseer,  were  attacked  by  raindrops  and  rain- 
born  rivulets  and  gullied  and  channeled  in  all  directions;  each  streamlet  reache<i  a 
hundred  arms  into  the  hills,  each  arm  grasped  with^  hundred  fingers  a  hundred 
shreds  of  soil,  and  as  each  shred  was  torn  away  the  slope  was  steepened,  and  the 
theft  of  the  next  storm  made  easier. 

So,  storm  by  storm  and  year  by  year,  the  old  fields  were  invaded  by  gullies,  gorges, 
ravines,  and  gulches,  ever  increasing  in  width  and  depth  until  whole  hillsides  were 
carved  aw^ay,  until  the  soil  of  a  thousand  years'  grow^th  melted  into  the  streams, 
until  the  fair  acres  of  ante-bellum  days  were  converted  by  hundreds  into  bad 
lands,  desolate  and  dreary  as  those  of  the  Dakotas.  Over  much  of  the  upland  the 
traveler  is  never  out  of  sight  of  glaring  sand  wastes  where  once  were  fruitful  fields; 
bis  way  lies  sometimes  in,  sometimes  between,  gullies  and  gorges — the  ** gulfs"  of  the 
blacks,  whose  superstition  they  arouse,  sometimes  shadowed  by  foliage,  but  oftener 
exposed  to  the  glare  of  the  sun  reflected  from  barren  sands.  Here  the  road  winds 
through  a  gorge  so  steep  that  the  sunlight  scarcely  enters,  there  it  traverses  a  narrow 
crest  of  earth  between  chasms  scores  of  feet  deep,  in  which  he  might  be  plunged  by 
a  single  misstep.  When  the  shower  comes  he  may  see  the  roadway  rendered  impass- 
able, even  obliterated,  within  a  few  minutes;  always  sees  the  falling  waters  accumu- 
late as  viscid  mud  torrents  of  brown  or  red,  while  the  myriad  miniature  pinnacles 
and  defiles  before  him  are  transformed  by  the  beating  raindrops  and  rushing  rills 
so  completely  that  when  the  sun  shines  again  he  may  not  recognize  the  nearer 
landscape. 

This  destruction  is  not  confined  to  a  single  field  nor  to  a  single  region,  but 
extends  over  much  of  the  upland.  While  the  actual  acreage  of  soil  thus  destroyed 
has  not  been  measured,  the  traveler  through  the  region  on  horseback  daily  sees 
thousands  or  tens  of  thousands  of  formerly  fertile  acres  now  barren  sands;  and  it 
is  probably  within  the  tnith  to  estimate  that  10  per  cent  of  upland  Mississippi  has 
been  so  far  converted  into  Iwid  lands  as  to  be  practically  ruine<i  for  agriculture  under 
existing  commercial  (conditions,  and  that  the  annual  loss  in  real  estate  exceeds  the 
revenues  from  all  sources.  And  all  this  havoc  has  been  wrought  within  a  quarter 
century.  The  processes,  too,  are  cumulative;  each  year's  rate  of  destruction  is  higher 
than  the  last. 

The  transformation  of  the  fertile  hills  into  sand  wastes  is  not  the  sole  injury. 
The  sandy  soil  is  carried  into  the  valleys  to  bury  the  fields,  invade  the  roadways, 
and  convert  the  formerly  rich  bottom  lands  into  treacherous  quicksands  when  wet, 
blistering  deserts  when  dry;  hundreds  of  thousands  of  acres  have  thus  l)een  de- 
stroyed since  the  gullying  of  the  hills  began  a  quarter  century  ago.  Moreover,  in 
much  of  the  upland  the  loss  is  not  alone  that  of  the  soil,  i  p.,  the  humus  represent- 
ing the  construct!  /e  product  of  water-work  and  plant-work  for  thousands  of  years; 
the  mantle  of  brown  loam,  most  excellent  of  soil  stuffs,  is  cut  through  and  carried 
away  by  corrosion  and  sapping,  leaving  in  its  stead  the  inferior  soil  stuff  of  the  La- 
fayette formation.  In  such  cases  the  destruction  is  irremediable  by  human  craft — 
the  fine  loam  once  removed  can  never  be  restored.  The  area  from  which  this  loam 
is  already  gone  is  appalling,  and  the  rate  of  loss  is  increasing  in  a  geometric  propor- 
tion. 

The  formation  of  detritus  and  deposit  in  the  river  beds  may  aI.so 
become  the  cause  of  dangerous  floods  in  the  larger  streams,  for  the 
amount  of  rock  material  and  soil  which  the  rivers  carry  is  one  of  the 
most  potent  factors  in  their  water  flow. 

Since  this  detritus  is  deposited  wherever  the  velocity  of  the  water 
sinks  below  that  necessary  to  carr}-  it,  forming  sand  banks  and  rubbish 
heaps  which  obstruct  and  change  the  direction  of  the  run,  it  play.s 
quite  an  important  part  in  shaping  the  bed  of  the  river,  besides  in- 
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fiuencing  the  whole  system  of  dependent  brook.s  and  rivers.  The 
nature  and  shape  of  the  detritus — whether  fine  sand  or  earth,  smaller 
or  larger  rock  masses,  stones,  roundish,  square,  or  flat—  cause  much  dif- 
ference; and  this  in  turn  depends  upon  many  conditions,  geolojrieal 
and  climatical. 

According  to  the  nature  of  the  rock  from  which  it  is  derived,  the 
detritus  appears  in  different  shapes^,  and  again  changes  in  form  dur- 
ing its  further  transportation  by  the  waters  in  different  ways,  and 
therefore  exerts  a  varying  influence  upon  the  run.  Thus  the  detritus, 
which  appears  in  large  plates  oi*  shales,  is  carried  more  easily  than  the 
square  or  round  rocks;  the  former,  even  when  deposited,  hinders  the 
flow  of  water  between  the  plates  but  little,  and  therefore  gives  less 
cause  for  stow  water  than  the  heavy  s<iuare  rocks,  which  resist  the 
transportation  and  obstruct  the  flow  more  effectually. 

Sand  and  gravel  detritus  is  easily  carried,  easily  atcumulated,  and 
again  with  a  new  flood  easily  removed:  it  offers,  therefore,  little  resist- 
ance to  the  flow  of  water,  but  becomes  objectionable  in  filling  the  lower 
channels  of  rivers,  etc. 

Clay  detritus,  although  easil}'  carried,  is  apt  to  compact  and  cement 
the  rock  detritus  together,  and  thus  becomes  one  of  the  worst  impedi- 
ments of  water  flow  and  is  the  cause  of  the  worst  dangers  from  flood 
waters. 

From  these  examples  it  is  apparent  that  two  rivers,  although  under 
similar  conditions  of  i*ainfall,  phvsical  conditions  of  soil  and  topog- 
raphy, may  yet  show  different  behavior,  according  to  varying  char- 
acter of  the  detritus. 

As  we  have  stated  in  the  beginning  of  this  chapter,  the  underground 
drainage  gives  to  rivers  their  i^rmanent  regime,  while  the  surface 
run-off  gives  to  them  their  rapid  variations  of  stage. 

According  to  whether  a  river  is  mainly  supplied  })y  .surface  waters 
that  run  in  trackless  courses  and  open  runs  over  the  slopes  into  its 
bed,  or  whether  it  is  supplied  hy  underground  waters,  its  water  condi- 
tions must  follow  a  different  course,  fitful  in  the  first,  even  in  the  second 
case.  Few  rivers  depend  on  one  of  these  sources  of  supply  alone; 
most  of  them  are  supplied  in  the  different  parts  of  their  course  by  both, 
so  that  a  stream  may  begin  as  a  torrent  and  later  in  its  course  find 
additional  supplies  from  springs  or  ground  waters — or  the  reverse  may 
take  place,  being  originated  by  a  spring,  it  may  have  no  other  addi- 
tions except  from  surface  waters. 

The  greater  the  proportion  of  the  supply  by  surface  run-off  the  more 
liable  to  disturbances  must  be  the  flow.  Finallv  in  a  larire  river,  like 
the  Ohio  or  Mississippi,  the  question  of  floods  becomes  still  further 
complicated.  For  here  not  only  the  ivgime  of  the  main  river,  but  also 
that  of  all  its  aflSuents  and  the  topographic,  stratigniphic,  climatic,  and 
surface  conditions  of  their  catchment  basins  become  elements  of  dis- 
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turbance.  Here  the  comparative  lengths  of  the  affluents  alone  ma}' 
become  all  important,  since  the  simultaneous  or  nonsimultaneous 
arrival  of  flood  waters  may  determine  the  occurrence  or  nonoccurrence 
of  high  floods.  As  far  as  forest  cover  is  concerned  in  such  cases, 
deforestation  in  one  of  the  side  valleys  and  consequent  rapid  discharge 
may  become  an  advantage  for  the  water  flow  in  the  main  river,  by  allow- 
ing its  removal  before  the  arrival  of  the  flood  waters  of  another  affluent. 
In  view  of  these  considerations  it  would,  therefore,  be  folh^  to  assign  to 
the  condition  of  forest  cover  in  the  catchment  basins  an  all  deteiminative 
function.  Nevertheless,  in  general  the  influence  of  favorable  forest 
conditions  in  the  catchment  basin  upon  river  flow  can  not  be  doubted, 
although  it  may  become  practically  of  no  account  in  abnormal  floods. 

The  ttrst  cause  of  abnormal  floods  is  the  occurrence  of  abnormal  rain- 
falls or  the  sudden  thawing  of  abnormal  masses  of  snow.  If  the  former 
occur  after  the  soil  has  been  saturated,  or  the  latter  when  the  soil 
remains  frozen,  the  forest  cover  will  be  powerless  to  influence  the  run- 
off and  will  shed  the  water  as  rapidly  aUnost  as  the  open  ground, 
although  even  the  brief  retardation  of  the  confluence  of  water  masses 
which  the  obstacles  of  a  forest  growth  cause  may  be  of  moment. 

But  in  its  further  course  the  drainage  of  this  water  collected  in  the 
rivers  is  favorably  influenced  by  the  presence  of  the  forest,  it  having 
prevented  the  formation  and  deposition  of  detritus  in  the  river  bed. 

The  beneficial  influence  of  the  forest  in  case  of  abnormal  floods  can 
then  probabl}^  be  claimed  only  in  so  far  as  it  protects  the  slopes 
against  abrasion  and  the  formation  of  debris  or  detritus  with  which 
the  upper  headwaters  are  filled,  and  which  carried  down  into  the 
rivers  gives  rise  to  sand  banks  and  changes  in  the  river  bed  which  may 
increase  the  dangers  of  the  next  flood. 

EXAMPLES   OF    THE    INFLUENCE   OF     FORESTS    OX     WATER    FLOW. 

Besides  the  detail  experiments,  which  are  to  furnish  explanation  of 
the  physical  laws  upon  which  differences  in  water  drainages  occur, 
there  are  constantly  accumulated  experiences.  Especially  in  France  this 
question  of  forest  influence  on  water  flow  has  been  answered  by  practi- 
cal demonstrations.  To  bring  it,  however,  to  a  final  solution,  special 
hydrographic  surve3'S  and  statistics,  such  as  are  now  contemplated  in 
Germany,  will  be  necessary.  A  first  attempt  at  such  a  work  is  the  hydro- 
graphic  description  of  the  Rhine,  a  model  work  compiled  by  the  agency 
of  the  various  governments  whose  lands  border  on  that  river,  published 
in  1889.  This,  however,  was  too  comprehensive  a  field,  and  more  de- 
tail measurements  and  observations  would  promise  more  striking  re- 
sults. The  conclusions  from  this  survev,  and  a  more  detailed  one  of  the 
Hauensteiner  Alp  in  the  southern  Black  Forest  mounti\ins,  are  that  the 
comparative  absence  of  damage  from  high  floods  in  this  Alp  countrj% 
when  compared  with  neighlwring  valleys,  may  be  ascribed  to  the  forejst 


INFLUENCE    ON    WATER    FLOW.  163 

cover,  CK'cupying  51  per  cent  of  its  area,  and  the  general  observation  is 
contiruied  that  the  presence  of  well-kept  large  forest  areas  at  the  head 
waters  in  the  mountains  has  a  favorable  influence  upon  the  water 
stages  in  the  water  channels  and  per  cent  of  erosion  and  formation  of 
detritus  to  an  appreciable  extent. 

One  interesting  detail  hydrographic  survey,  which  has  in  view  to 
establish  relation  of  forest  cover  to  river,  is  pu)>lished  by  Danckelman. 
It  refers  to  the  river  Wupper,  an  affluent  of  the  lower  Rhine  from  the 
Khenish  state  mountains.  It  was  made  in  connection  with  the  con- 
struction of  a  dam  to  regulate  water  supplies.  Three  catchment  basins 
were  under  consideration,  two  of  these,  although  containing  32  and 
39  per  cent  woodland,  are  reported  as  devastated  and  especially  robbed 
of  their  soil  cover  of  litter  and  hunuis,  the  third  containing  near  50  per 
cent  of  well-kejjt  dense  forest. 

From  the  detailed  observations  and  measurements  there  was  not  ob- 
servable any  influence  of  forest  conditions  on  the  average  daily  and  min- 
imum flow,  but  in  case  of  high  water  the  daily  flow  was  most  decidedly 
influenced,  naraelv,  a  diminution  or  retardation  occurred  in  the  well- 
wooded  basin:  in  July,  by  55  per  cent;  in  August,  by  34  per  cent;  in 
November,  by  28  per  cent;  in  March,  by  21  per  cent.  It  is  stated  in 
addition  that  the  well-forested  })asin  had  a  larger  amount  of  rainfall 
and  steeper  slopes,  a  narrower  valley,  and  was,  therefore,  comparatively 
more  unfavorablv  situated. 

An  interesting  note  as  to  the  amount  of  retardation  which  may  l)e 
produced  by  the  artificial  means  employed  in  the  French  Alps  for  reg- 
ulation of  w-ateiilow,  namel\\  forest-planting  in  connection  with  overflow 
dams,  is  given  in  M.  Mathieu's  work  Rehohement  in  France, 

The  two  basins  of  Faucon  and  Bourget  were  visited  by  a  terrible 
downpour  of  rain  of  twent^'-five  minutes'  duration.  In  the  upper  moun- 
tains there  fell  42  millimeters,  in  the  lower  regions  12.3.  The  torrent 
of  Faucon  (which  was  in  a  devastated,  deforested  condition,  but  other- 
wise topographically  similar  to  that  of  Bourget)  was  at  once  filled  with 
flood  waters  which  were  estimated  to  consist  of  60,000  cubic  meters  of 
water  and  180,000  cubic  meters  of  rock  material  or  detritus,  the  flood 
vSubsiding  in  two  hours. 

In  the  torrent  of  Bourget,  which  had  been  reforested  and  corrected 
in  its  bed,  a  simple,  somewhat  turbulent  run  of  water  was  observed, 
which  at  the  overlow  reached  the  height  of  45  centimeters  (18  inches) 
and  lasted  about  three  hours.     The  report  continues: 

Theee  facts  show  the  imiwrtance  of  the  forest  cover.  Thanks  to  the  dense  forest 
growth  planteil,  the  fioo<l  waters*,  divideil  in  nuniberlets  runs  and  retarded  constantly 
in  their  movement  over  the  declivities  in  the  upi>er  basin,  arrive  only  successively 
and  little  by  little  in  the  main  bed,  instead  of  those  formidable  masses  of  water  and 
debris  which,  rapidly  agglomerated,  rush  into  the  channel;  the  brooks  calle<l  to  re- 
place the  torrents  receive  only  pure  water;  floo<l  waters  flowing  off  gradually  and 
naade  harmless  by  the  regulation  of  the  torrent  be<i  and  of  the  slo{)es. 
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Ill  the  department  of  L'Herault,  in  the  Cevennes  Mountains  in 
southern  France,  the  following  calculation  wa.s  made  of  the  amount  of 
water  retained  by  the  forest  cover  after  a  heavv  storm. 

Theba«in  of  Lampy,  comprising  1,600  acres,  of  which  more  than  50  per  cent  are 
under  forest,  the  rest  in  grass  and  field  (6  per  cent),  rests  on  im})ermeable  granite 
and  quartz  rock  with  a  layer  2  feet  deep  of  rich  humus  soil.  All  the  water  falling 
must  ptiRM  into  a  reservoir  formed  by  closing  the  valley  with  a  dam  which  stores  the 
\yater  to  a  height  of  51  feet.  The  reservoir,  nearly  100  years  old,  has  never  needed 
to  l>e  dug  out,  which  is  mentioned  as  a  sign  of  the  absence  of  soil  erosion.  When 
full  all  the  water  must  i)a.s?«  over  the  dam  in  an  overflow  race,  which  permits  a  toler- 
ably exact  calculation  of  the  discharge  of  water  from  this  reservoir.  The  discharge 
through  pipes  and  overflow  in  one  year  (1860)  amounted  to  4,060,088  cubic  meters, 
while  from  the  record  of  one  rain  gauge  at  the  reservoir  situated,  therefore,  at  the 
base  of  the  elevations  which  rise  to  1,000  feet  alx^ve  it,  the  rainfall  was  calculated 
6,837,350  cubic  meters,  probably  on  account  of  the  position  of  the  guage  an  under- 
statement, showing,  therefore,  that  not  less  than  one-third  and  prol^ably  as  much  as 
one-half  of  the  rainfall  had  been  retained  in  the  soil  or  evaporated. 

On  two  days  (July  28  and  29, 1863)  there  fell  on  this  area  of  1,600  acres,  acconling 
to  the  rain  gauge  530,500  cub.  m.  of  rain.  Before  the  rain  the  reservoir  was  full  to 
high-water  mark,  and  the  overflow,  the  only  means  of  <lischarge  ojwn,  had  l^een 
delivering  for  days  3,936  m.  or  45  liters  per  second,  which  must,  therefore,  be  con- 
sidered the  natural  discharge  of  the  basin. 

After  the  rain  the  water  level  rose  8  inches  and  the  discharge  was: 

Cubit*  meters. 
July  29,  morning  and  evening 30,  503 

30,  niorning  and  evening 28,  864 

31,  morning  and  evening 7,  S72 

Aug.    1,  morning 7,  872 

2,  evening 4,  920 

Total  in  five  days 80,  032 

Ac  the  end  of  the  fifth  day  the  water  level  ha<l  returned  to  its  former  height  and  the 
discharge  the  next  day  was  again  3,936  <•.  m.,  which  it  maintained  fm*  three  mcmths. 
If  we  deduct  from  the  discharge  of  80,032  c.  m.  the  water  that  would  have  l)een  dis- 
charges! during  these  five  days  without  the  additional  rainfall,  namely  (5X  3,936  =  ) 
19,680,  there  remain  ()0,(X)0  c.  m.  round,  which  without  doubt  were  furnished  bv  the 
two  storms,  and  since  the  total  fall  ha«l  been  at  least  500,000  c.  m.  it  follows  that 
more  than  eight-ninths  of  the  rain  was  absorbed  and  held  by  the  soil  tol)edelivere<l 
gradually. 

In  a  neighboring  basin,  tliat  of  Salagou,  of  10, 761  acres  extent,  with 
just  10  per  cent  wooded,  also  on  impermeable  rock  (pcrmian),  but  the 
soil  otherwise  considei-ablv  washed  and  thin,  observations  could  not 
be  carried  on  with  precision.  But  while  the  discharge  of  this  much 
larger  basin  in  ordinary  times  is  calculated  at  not  more  than  20  to  2b 
liters  per  second,  after  a  storm  the  discharge  into  the  river  is  almost 
immediate  and  has  been  observcnl  to  rise  to  more  than  t>00  e.  m.  per 
second. 

Of  examples  in  this  country  we  may  give  the  following  as  coming 
from  good  authorities  and  W(dl  sul)stantiated. 

In  a  report  to  the  Chief  of  Engineers  of  the  War  Department  in 


RELATION    OF    FORESTS    TO    FLOODS.  105 

regard  to  a  .survey  of  the  Savannah  River,  made  by  order  of  Con- 
gress, it  is  said: 

Report*  upon  the  Savannah  Valley  and  River  at  Augusta  of  about  the  year  1775 
show  the  Savannah  to  have  been  a  clear,  rapid  stream,  full  of  excellent  fish  and  sub- 
jei't  to  no  sudden  or  marked  changes  of  height.  This  was  previous  to  the  destruc- 
tion of  the  forests  and  the  opening  of  large  tracts  of  land  to  the  plow.  Now  the 
stream  has  become  turbid;  the  fish,  I  am  told,  have  nearly  deserted  the  lower  waters, 
and  sudden  and  marked  changes  of  the  water  level  are  the  rule. 

Maj.  Charle.s  W.  Ra3'mond,  in  a  report  to  the  Chief  of  Engineers,  on 
the  west  branch  of  the  Susquehanna  River  and  the  practicability  of  • 
improving  its  navigation  and  of  confining  its  waters,  in  times  of  great 
flood,  to  the  general  course  of  its  channel,  attributes  as  the  principal 
cause  of  the  excessive  high  and  low  stages  of  this  river  the  progressive 
destruction  of  the  forests  from  the  mountain  crests  and  slopes  of  its 
watershed,  and  in  di.scu.ssing  the  means  of  protecting  the  river  valley 
from  inundation  in  the  future  says:  ''Most  important  of  all,  such 
forests  as  yet  remain  upon  areas  not  valuable  for  cultivation,  espe- 
cially near  the  head  waters  and  the  upper  slopes  of  the  basin,  should 
be  protected." 

The  New  York  Forest  Commission,  speaking  of  floods  in  the  Adiron- 
dack region  and  the  influences  of  forests  in  relation  to  them,  say: 

In  the  uplands  of  the  preserve  there  are  many  dennely  wooded  tracts  adjacent  to 
others  from  which  the  forests  have  been  strippe<l.  The  residents  agree  that  in  the 
turiner  floods  are  unknown,  while  in  the  latter  thev  are  a  vearlv  occurrence.  Their 
appearance  was  coincident  with  the  disappearance  of  the  woods.  It  was  then 
notice*!  that  the  bridges,  which  for  many  years  hail  sutficed  to  span  the  streams 
during  heavy  rains,  were  no  lon-^er  safe,  and  new  ones  witli  longer  spans  became  a 
neceesity. 

Thev  refer  also  to  the  effect  of  the  removal  of  the  forests  in  the 
Adirondack  watersheds  upon  the  navigation  of  the  canals  of  the  State 
and  the  whole  svstem  of  inland  commerce.     Thev  sav: 

With  the  clearin'jr  awav  of  the  forests  and  the  burninvr  of  the  forest  floor  came  a 
failure  of  canal  supply  that  necessitated  the  building  of  costly  dams  and  reservoirs  to 
replace  the  natural  ones  which  the  fire  and  ax  had  destroyed.  The  Mohawk  River, 
which  for  years  had  fed  the  P>ie  Canal  at  Rome,  faile<l  to  yield  any  longer  a  suffi- 
cient supply,  whereupon  the  Black  River  was  tappe<i  at  Forestport,  and  its  whole 
vohime  at  that  point  diverted  southward  to  assist  the  ^lohawk  in  its  work. 

The  superintendent  of  public  works  of  the  State  has  also  called 
public  attention  to  this  subject  several  times.  In  the  report  for  1882 
he  savs: 

The  importance  of  the  preservation  of  the  wo<k1s  in  the  Adirondack  region  in  con- 
nection with  the  water  sui)ply  of  the  canals  can  not  be  overestimatetl.  With  the 
continual  cutting  away  of  the  forests  and  tlie  burning  of  the  forest  floor  the  decreas- 
ing water  supply  has  become  painfully  apparent  Should  this  ccmtinue,  the  result 
on  the  canals  would  be  disastrou'j. 

Another  interesting  and  impressive  example  of  changes  in  conditions 
of  water  flow  is  given  in  connection  with  the  Schuylkill  River.  During 
the  last  sixtv  or  sixtv-tive  vear^  this  river  ha^  shown  a  marked  diminu- 
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tion  in  its  minimum  flow.     In  1816  this  flow  was  estimated  at  500,000,- 

000  gallons  per  day;  in  1825,  at  440,000,000;  in'1867,  at  400,000,000, 

and  in  1874,  at  245,000,000.     In  regard  to  this  a  commission  of  eng-i- 

neers  say  in  their  report  in  1875: 

This  remarkable  decrease,  not  being  accompanietl  by  any  great  change  in  the 
rainfall,  nor  probably  in  the  total  annual  discharge  of  the  river,  is  no  doubt  largely 
due  to  the  destruction  of  the  forests  in  the  drainage  area,  whereby  the  conservative 
action  of  the  woodland  has  been  lost,  and  the  rainfall  is  permitted  to  descend  rap- 
idly to  the  bed  and  pass  off  in  a  succession  of  freshets. 

In  the  year  1881  the  State  of  New  Hampshire  established  a  forest 
commission,  who  were  instructed  to  inquire,  among  other  matters  re- 
lating to  the  forests,  into  "the  effect,  if  any,  produced  by  the  destruc- 
tion of  our  forests  upon  our  minfall,  and  consequently  upon  our  ponds 
and  streams."  In  their  report,  made  in  1885,  the  commission  presented 
a  summary  of  the  large  number  of  replies  to  their  inquiries.  These 
replies  came  from  all  parts  of  the  State.  From  the  summary  the  fol- 
lowing citations  are  made: 

Beginning  with  the  southern  portion  of  the  State,  and  with  the  town  of  Rich- 
mond, attention  is  called  to  a  small  stream  there,  which  in  1865  furnished  sufficient 
power  for  four  sawmills  nearly  all  the  year,  but  which  began  to  dry  up  with  the 
more  rapid  removal  of  the  timber  occasioned  by  the  intnxiuction  of  steam  as  an 
auxiliary  power.  The  water  and  the  woods  have  disappeared  together,  and  the 
same  is  the  case  in  other  portions  of  the  town. 

In  Fitzwilliam  and  Rindge  the  same  results  have  been  reached  all  the  more  rap- 
idly because  of  the  nearer  proximity  of  these  towns  to  a.  market.  Well-known 
trout  streams,  once  abundantly  stocked  with  fish,  are  now  dry  half  of  the  year, 
and  the  treeless  ground  and  naked  rocks  along  their  banks  and  about  their  sources 
are  considered  a  sufficient  explanation. 

The  chairman  of  the  board  of  selectmen  in  Henniker,  who  has  given  much  atten- 
tion to  the  subject,  is  confident  that  the  water  in  the  Contocook  River  has  decreased 
fully  one-third  within  even  twenty  years,  and  that  the  tributaries  have  fallen  off 
still  more,  many  being  nearly  dry  in  the  summer.  During  this  period  $75,000  worth 
of  timber  has  been  cut  within  this  one  town.  In  the  surrounding  towns,  also,  the 
tim})er  has  disapi^eared  with  equal  rapidity,  and  the  water  supply  has  seriously 
decreased. 

The  report  from  Bow,  which  covers  a  period  of  fifty  years,  within  which  most  of 
the  timl>er  has  been  cut  off,  and  that  from  Hopkinton,  which  covers  a  perio<i  of 
sixty  yearn,  both  tell  the  same  story  of  naked  hillsides  and  diminished  streams. 

At  Hanover  the  Conne(^ticut  River  for  many  years  has  been  decreasing  in  volume, 
and  with  increasing  rapidity  the  timber  from  its  head  waters  has  l>een  floating  by. 

In  Canaan  sixty-five  years  ago  there  were  nine  or  more  mills  of  different  kinds; 
abundant  water  power  all  the  year  around;  no  thought  of  reji-ervoirs  or  double 
dams,  or  precautions  against  dr  )ught.  Canaan  street,  now  covereil  with  a  firm,  dry 
sod,  was  laid  out  through  a  swamp,  impas«able  but  for  the  hummocks  and  fallen 
trees,  while  dense  forests  of  giant  trees  covered  the  hills.  The  wi-iter  who  furnishes 
the  alx)ve  facts,  a  native  of  the  place,  returning  after  an  absence  of  thirty  years, 
found  the  hills  and  nx-kj^  bare,  the  si>rings  choked  up,  and  the  mills  oV)liged  to  resort 
to  steam  power  or  lie  idle. 

The  great  mountain  region  of  the  State  lies  in  contiguous  j)arts  of  the  counties 
of  (.irafton,  Carroll,  and  Coos.  The  numl>erless  streams  originating  in  this  region, 
protected  by  the  primitive  forest,  might  he  thought  to  Ik?  beyond  any  disturbing 
causes,  but  such  is  not  the  case.     The  town  <»f  Littleton  depends  u]>on  the  Ammo- 


EFFECT    ON    8TKEAM8    IN   NEW    HAMPSHIRE.  167 

oooc^ae  for  its  water  jKiwer,  but  three  of  its  oldest  citizens  testify  that  this  power 
has  diminished  one-third  within  fifty  or  sixty  years.  The  mountain  forests  during 
this  same  period  have  been  encroached  upon  as  never  before,  and  it  is  not  surpris- 
ing that  so  commonly  these  two  facts  are  associated  as  cause  and  conse(|uence. 

Cooe  County  contains  more  of  the  first  growth  of  timber  than  any  other  portion 
of  the  State.  In  the  midst  of  this  region  are  the  sources  of  the  Connecticut,  Andro- 
scoggin, Saco,  and  their  many  tributaries,  and  a  diminisheil  water  supply  at  this 
point  18  felt  throusfhout  the  course  of  these  important  streams.  The  report  from 
Jefferson  is  that  the  older  inhabitants  agree  that  the  streams  are  smaller  than  for- 
merly. An  intelligent  observer  at  Berlin,  on  the  Androscoggin  River,  makes  the 
following  important  statements,  covering  a  perioti  of  twenty-six  years.  Within  a 
radius  of  4  miles  from  his  residence  are  eight  streams  or  brooks  and  two  ponds,  and 
the  water  in  each  during  the  above  period  has  materially  diminished.  As  an  illus- 
tration of  the  connection  between  the  removal  of  the  wooiis  and  this  <iimini8hed 
supply,  he  adds  that  **  six  years  ago  he  supplied  his  stock  with  water  from  what  was 
then  an  unfailing  brook,  by  means  of  an  aqueduct  which  furnished  300  gallons  per 
hour.  Now  that  the  trees  along  the  stream  have  been  destroyed  by  the  woodman's 
ax  and  by  forest  fires,  his  water  supply  is  cut  short  in  summer  by  drought  and  in 
winter  by  frost.  Hundreils  of  acre.-^  of  timber  have  l)een  cleared  within  these  six 
years  in  the  same  vicinity." 

At  Lancaster,  the  county  seat,  on  the  Connecticut  River,  an  old  resi- 
dent  repoits — 

an  alarming  deiTease  in  the  water  of  the  streams  and  springs  during  the  past  sixty 
years,  and  especially  during  the  last  twenty-five  years,  witliin  which  period  the 
smaller  timber  also  has  been  i*emoved.  Israel's  River  in  his  boyhood  was  a  largi^ 
mill  stream  8  or  10  rods  wide,  witli  sufficient  water  to  carry  a  very  large  amount  of 
machinery  the  year  njund.  Now  it  is  an  insignificant  stream,  with,  from  May  to 
November,  not  more  than  half  the  water  it  had  fifty  years  ago,  and  not  more  than 
two-thirfls  there  was  twenty-five  years  ago.  Other  streams  have  suffered  in  the 
same  way,  and  the  springs  have,  if  po^!»ible,  suffered  more  than  the  streams.  Many, 
once  thought  to  be  never-failing,  are  now  for  long  periods  dry.  That  the  cutting 
ott  the  forests  accounts  very  largely  for  this  change  he  considers  as  sure  as  that 
effect  follows  cause,  and  the  result  is  hastened  bv  the  reckless  methods  in  use.  In- 
stead  of  cutting  timber  that  is  matured,  everything  is  cut  to  the  size  of  5  or  6  inches 
in  diameter,  and  what  remains  is  cut  into  firewood  or  burned  at  once,  leaving  a 
drearj'  waste. 

In  conclusion  the  commissioners  say: 

While  the  statements  given  above  prove  l)eyond  doubt  the  steady  diminution  of 
our  water  supply,  and  show  what  is  the  commonly  received  explanation  of  this 
state  of  things,  a  few  of  the  towns  heard  from,  and  these  mainly  in  the  southern 
part  of  the  State,  report  no  very  marked  variation  in  the  amount  of  water  in  ponds 
and  streams  for  a  considerable  term  of  years,  and  an  increase  rather  than  a  diminu- 
tion in  the  amount  of  woodland.  Much  of  this  woodland,  however,  is  the  yoimg 
growth,  brush  wood  only,  which  can  not  for  years  protect  the  ground  from  the  dry- 
ing effects  of  Sim  and  wind,  as  did  the  older  woods;  and,  besides,  from  its  relatively 
greater  amount  of  foliage,  evaporation  proceeds  all  the  more  rapidly.  That  our 
wooded  districts  here  and  there  are  on  the  increa.'»e  can  not,  however,  alter  the  force 
of  the  facts  which  confirm  the  more  coumionly  received  opinion  iw  to  the  general 
condition  of  things  within  our  limits.  If  in  any  instances  the  decrease  in  water 
power  has  been  checked  or  averted,  it  is  all  the  more  important  to  know  how  the 
result  has  been  reached,  that  the  same  means  mav  be  used  elsewhere.  In  everv  case 
this  means  has  been  connected  with  the  preservation  or  restoration  of  the  forests. 

On  one  jwint  there  is  no  divi.««ion  of  opinion.     It  is  not  in  the  open  ground,  but  be- 
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neath  the  trees,  that  the  moisture  and  the  snow  aocumulate,  and  are  slowly  and  surely 
supplied  to  the  springs  anci  streams,  which  then  have  a  perennial  flow.  Let  the 
same  ground  be  deprived  of  its  shade  and  this  exposure  to  the  sun  hastens  evapora- 
tion, and  the  rain  and  melting  snow  rapidly  pass  off  through  the  water  courses  Ije- 
fore  any  sufl3cient  quantity  can  reach  the  permanent  reservoirs  under  the  surface. 
The  snow  on  the  exposed  hillside  may  be  swept  oft  entirely  by  the  wind;  and  even 
when  any  considerable  portion  remains,  much  will  evaporate,  and  after  all  be  lost  to 
the  soil  and  the  springs.  The  soil  itself  is  often  washed  off,  and  the  exposed  rocks 
given  over  to  perpetual  barrenness. 

In  confirmation  of  the  conclusions  of  the  New  Hampshire  forestiy 
commission  may  be  appropriately  cited  the  statement  made  in  the  New 
Hampshire  Geological  Report  (vol.  i,  p.  124),  that  when  in  the  central 
and  southern  poi'tions  of  the  State  the  hay  crop  has  been  cut  short  by 
drought,  it  has  been  known  to  be  above  the  average  in  the  northern 
part,  even  with  less  rainfall,  and  as  a  reason  it  is  claimed  that  the 
forests  in  the  northern  section  have  secured  a  better  distribution  of  the 
results  of  rainfall  and  melted  snow. 

R.  W.  Piper,  in  his  Trees  of  America,  gives  this  illustration  as  com- 
ing under  his  own  observation: 

Within  about  one-half  mile  of  my  residence  there  is  a  pond  upon  which  mills  have 
\yeen  standing  for  a  long  time,  dating  back,  I  believe,  to  the  first  settlement  of  the 
town.  These  have  been  kept  in  constant  operation  until  about  twenty  or  thirty 
years  ago,  when  the  supply  of  water  l)egan  to  fail.  The  pond  owed  its  existence  to 
a  stream  which  has  its  source  in  the  hills  which  stretch  some  miles  to  the  south. 
Within  the  time  mentioned  these  hills,  which  were  clothed  with  a  den.-e  forest,  have 
been  almost  entirely  stripped  of  trees;  and  to  the  wonder  and  ^»^s  of  the  mil! 
owners,  the  water  in  the  pond  has  failed,  except  in  the  season  of  freshets,  an<l,  what 
was  never  heard  of  l:)efore,  the  stream  itself  has  been  entirely  dry.  Within  the  last 
ten  years  a  new  growth  of  wood  has  sprung  up  on  mor^t  of  the  land  formerly  occu- 
pied by  the  old  forest,  and  now  the  water  runs  through  the  year,  notwithstanding 
the  drought  of  the  last  few  years. 

A  gentleman  in  eastern  Massacnusetts  makes  the  following  state- 
ment: Having  made  a  contract  to  supply  an  extensive  nail  factory  with 
kegs  in  which  to  pack  the  nails  made,  he  purchased  a  timber  tract  in 
southern  Vermont,  through  which  ran  a  stream.  Upon  this  stream  he 
erected  a  sawmill  and  began  to  cut  the  tim})er  and  make  it  into  kegs. 
It  was  not  long  before  the  amount  of  water  in  the  stream  was  les- 
sened to  such  a  degree  that  he  was  obliged  to  erect  another  mill  below 
the  first,  and  thus  use  the  water  a  second  time  in  order  to  maintain 
the  requisite  power  for  carrying  on  his  business. 

It  is  a  well-known  fact  that  the  flow  of  water  in  the  Hoosick  and 
Ilousatonic  rivers,  in  western  Massachusetts,  has  become  so  irregular 
that  the  mill  owners  on  those  streams  have  been  obliged  to  make  stor- 
age basins  in  which  to  hold  the  water  of  the  spring  floods  for  use  in  the 
summer,  or  else  to  equip  their  mills  with  auxiliary  steam  engines. 
The  result  is  claimed  to  be  due  to  extensive  deforestinof. 

Mr.  David  Thompson,  of  Cincinnati,  said  to  the  American  Associa* 
tion  for  the  Advancement  of  Science,  in  ISSl: 


LESSENED    STREAMS    WITH    LESSENED    FORESTS.  169 

It  is  not  unusual  to  find  in  many  localities  the  l^e^if?  of  what  were  once  important 
mi ll-t?t reams,  waterless,  except  when  filled  by  sudden  freshets,  and  in  Ohio  certain 
streams  emptying  into  the  lake,  which  were  once  declared  navigable,  will  not  now 
float  a  canoe.  Previous  to  1832  Capt.  Delorac,  of  Hamilton,  Ohio,  annually  sent  a 
fleet  of  flatboats  down  the  Big  Miami  River  at  the  spring  rise;  but  with  the  destruc- 
tion of  the  forests  along  that  river  the  rise  Ijecame  so  uncertain  that  the  enterprise 
was  r>f  net^essitv  abandoned. 

A  farmer  in  Ulster  County,  N.  Y.,  gives  the  following  testimony  on 
the  subject  before  us.  He  had  cut  an  acre  or  two  of  trees  on  an  ele- 
vated portion  of  his  farm.     In  giving  the  result  he  says: 

^ly  first  loss  was  the  drj'ing  up  of  a  ))eautiful  brook  which  had  its  source  in  my 
grove,  and  which  ran  through  a  number  of  fields,  furnishing  water  for  cattle  while 
grazing.  Five  times  the  value  of  the  woo<l  I  sold  would  have  been  refuse<l  for  this 
stream.  In  the  vicinity  of  the  place  where  the  timber  stood  the  ground  became  dry 
during  the  summer.  When  rain  fell  it  did  not  seem  to  be  absorl)ed,  the  water  ran 
down  the  hillsides,  making  great  gullies  and  doing  much  damage,  while  the  fields 
through  which  the  brook  flowe<l  did  not  yield  as  good  crops.  I  am  now  a  strong 
believer  in  the  value  of  woodlands  on  a  farm. 

A  gentleman  in  Onondaga  Count}'  states  that  the  streams  in  that 
county  have  visibly  failed  since  his  boyhood,  though  he  is  not  yet  40 
3'ears  of  age.  There  was  at  Conkling's  Falls,  he  says,  a  grist  and  saw 
mill  which  in  his  3'outh  had  a  plentiful  supply  of  water.  Then  it  grad- 
ually diminished.  At  first  a  spasmodic  flow  was  marked;  heavj*  fresh- 
ets in  spring,  then  low  water  in  summer,  until  the  water  failed  and  it 
was  nece.ssarv  to  run  the  mills  bv  steam.  So  at  Pratt's  Falls,  a  few 
years  ago  the-  flow  of  water  was  abundant.  The  story  was  repeated 
there,  violent  freshets  in  spring,  followed  by  the  usual  failure,  until 
now,  in  summer,  hardly  a  pailful  runs  over  the  falls,  in  this  latter 
case  there  was  formerh'  a  swamp,  some  5  or  6  miles  above  the  falls, 
which  has  been  reclaimed  and  all  the  trees  and  shrubs  cut  ofl*.  All 
these  changes  have  occurred  within  fifteen  years. 

Ex-Governor  Davis,  of  Maine,  gives  the  following  statement  in  re- 
gard to  the  effect  of  forest  removal  on  the  flow  of  streams,  in  a  case 
with  which  he  is  well  acquainted: 

The  Kenduskeag  River  empties  into  the  PenoV)scot  at  Bangor.  The  stream  rises  some 
30  miles  from  its  mouth,  one  branch  in  the  town  of  Dexter,  and  another  in  the  town 
of  Corinna.  1  am  told  that  fifty  or  sixty  yeai-s  ago  there  was  a  continuous  flow  of 
water  the  year  round  in  this  stream,  and  at  the  town  of  Kenduskeag.  12  miles  north- 
east of  Bangor,  were  situateil  large  lumber  mills  on  both  sides  of  the  stream.  The 
water-fiow  was  sufficient  to  carry  them  the  year  round.  But  during  the  i>ast  half 
century  the  land  along  the  shores  of  the  stream  has  been  cleared  throughout  the 
greater  part  of  its  course.  The  result  is  that  we  have  heavy  spring  freshets,  also 
heavy  freshets  in  the  fall,  sometimes  doing  much  damage.  I  recollect,  a  dozen  years 
ago  or  more,  when  living  in  the  town  of  Corinth,  through  which  said  stream  flows, 
almost  every  bridge  on  the  stream  was  carried  away  in  the  month  of  March.  Now, 
after  the  spring  freshet  subsides,  the  water  falls  rapidly  until  it  dwindles  to  a  very 
small  stream,  not  one-half  the  amount  fiowin*;  during  the  summer  months  that  did 
fifty  years  ago. 
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Mr.  Abbot  Kinney,  of  California,  an  intelligent  obseiver,  gives  the 
following  recent  testimony  in  regard  to  a  particular  field  on  his  estate: 

This  field  was  cleared  of  a  dense  brush  growth,  about  15  feet  high,  which,  in  Cali- 
fornia, is  called  chaparral.  When  first  clearetl  the  soil  was  quite  dark  in  color  and 
full  of  vegetable  defritus. 

For  two  years  no  special  care  was  required  to  prevent  gullies  forming  from  the 
rains.  The  rain-holding  power  of  the  field  has  constantly  diminished,  cross  furrows 
have  now  to  be  carefully  prepared  and  maintained  during  the  rainy  season.  A  sharp 
rain  now  runs  oft  without  doing  much  good  where  it  formerly  soaked  in.  The  dark 
color  has  gone  and  the  soil  is  now  a  plain  red.  It  packs  hard  now,  after  every  rain, 
when  formerly  it  did  not  pack  at  all,  except  in  a  pathway.  On  the  eiige  of  the 
bluffs  where  the  brush  was  left  the  old  conditions  prevail.  I  was  doing  some  work 
along  these  bluff  edges  and  found  that  I  could  shovel  the  dirt  easily  after  cutting  off 
the  brush,  but  on  the  cleared  land  adjoining  where  the  plow  had  missetl,  near  the 
edge,  the  ground  was  so  hard  as  to  require  a  pick. 

In  1885  the  Ohio  State  Forestry  Bureau  issued  cinuilars  to  its  cor- 
respondents throughout  the  State  making  inquiries  in  regard  to  the 
observed  influence  of  clearing  the  forests  upon  water  supply.  The  re- 
plies received  are  published  in  the  first  annual  report  of  the  bureau 
and  will  be  found  quite  in  harmony  with  the  testimony  above  given. 

Such  reports  as  these  can  be  multiplied  from  every  section  of  our 
country,  and,  while  there  would  alwaj\s  remain  the  onus  of  proof  that 
the  change  of  waterflow  and  forest  conditions  were  in  casual  relation, 
it  is  difficult  to  conceive  of  any  other  causes  for  these  experiences  over 
so  widespread  an  area,  than  the  change  of  surface  conditions  due  to 
deforestation,  especially  the  burning  of  the  forest  floor.  However 
questionable  the  position  of  forest  cover  as  a  climatic  factor,  its  rela- 
tion to  watei"flow  and  soil  conditions  is  attested  by  experiences  in  all 
parts  of  the  world. 


IV— NOTES  ON  THE  SANITARY  SIGNIFICANCE  OF  FORESTS. 


CJTO  » 


Bv  B.  E.  Fernow. 


The  subject  of  the  sanitary  .significance  of  forests  has  been  recenth^ 
reviewed  by  Dr.  E.  Ebermayer,  the  well-known  physicist  at  Munich. 
Other  investigators  have  also  contributed  new  matei*ial  toward  the 
di.scussion  of  the  subject.  Especfally  the  two  Italians,  Seratini  and 
Arata,  investigated  the  influence  of  forests  on  the  quantitj'  of  micro- 
organisms in  the  air,  and  Dr.  Puchner  investigated  the  contents  of  car- 
bonic acid  in  the  atmosphere  under  varying  conditions. 

Ebermayer  shows  that  the  oxygen  exhalation  of  a  forest  in  propor- 
tion to  the  consumption  by  man  is  insignificant.  He  figures  that  a 
family  of  four  persons  would  require  for  respiration,  in  the  burning  of 
the  necessary  fuel,  the  oxygen  exhaled  by  2i  acres  of  forest.  The 
hygienic  significance  of  ozone  he  doubts.  Puchner  shows  that  the  air  in 
the  forest  contains  generally  more  car^x^nic  acid  than  the  open,  due  to 
decomposition  of  litter.  On  the  other  hand,  Ebermayer  shows  the  air 
in  the  forest  soil  to  contain  less  carbonic  acid  than  that  in  the  field  soil, 
three-fourths  times  less  in  winter  and  five-sixths  times  in  summer:  this 
i.s  explained  by  differences  in  moisture  conditions.  But,  like  sea  and 
mountain  air,  forest  air  is  freer  from  injurious  gases,  dust  particles,  and 
bacteria.  Furthenuore,  the  shade  and  the  processes  of  assimilation 
and  transpiration  have  a  cooling  effect  in  summer,  a  warming  effect  in 
winter,  hence  extremes  in  temperature  are  checked.  Protection  against 
winds  and  extremes  of  temperature  which  the  forest  offers  is  cited  as 
desirable  for  the  location  of  sanitaria  and  finally  a  tribute  is  paid  to 
psychic  influence,  and  the  hygienic  significance  of  the  forest  is  pro- 
nounced as  scientifically  established.  But  of  much  more  importance 
than  the  air  is  shown  the  forest  soil,  especially  since  cholera,  typhus, 

*The8e  notes  are  based  on  the  following  publications: 

I)r.  E.  Ebermayer  J  in  Woilny,  1890:  (1)  Hygienic  significance  of  forest  air  and 
forest  soil.  (2)  Experiments  regarding  the  sijrnificance  of  hnnnis  as  a  soil  constit- 
uent and  influence  of  forest,  different  soils  and  soil  covers  on  coinpositif»n  of  tlie  air 
in  ttie  soil. 

Dr.  H.  f*uchntr.  (1)  Investigations  of  the  carl>onic  acid  contents  of  the  atin<»s- 
phere. 

Strnfini  fmd  Aralu  I  I)  Intorno  all  'azione  dei  boschi  sui  inikro  organisnii  trans- 
portati  dai  venti. 
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yellow  fever,  and  malaria  are,  according  to  Dr.  Pettenkofer  "soil  dis- 
eases  of  miasmatic  origin/'  In  this  connection  a  distribution  must  be 
kept  in  view  between  those  organisms  which  are  disease  producers, 
pathogenic,  and  those  which  are  more  or  less  harmless  parasites.  The 
latter,  Saprophytic  bacteria,  it  must  be  kept  in  mind,  thrive  on  decom- 
posing vegetable  and  animal  matter:  but  pathogenic  bacteria  thrive 
best  on  living  organisms,  although  they  occur  also  outside  of  them. 

The  conditions  for  the  favorable  development  of  the  pathogenic 
bacteria  Ebermayer  discusses  at  great  length.  The  facts  are  stated  or 
established  by  him  that  the  vegetable  components  of  the  forest  soil 
contain  less  nutritive  matter  (albuminoid,  potash,  and  phosphates  and 
nitrates)  for  bacteria  growth;  that  the  temperature  and  moisture  con- 
ditions are  less  favorable;  that  the  sour  humus  of  the  forest  soil  is 
antagonistic  to  pathogenic  bacteria;  finally ,  that  so  far  no  pathogenic 
microbes  have  ever  been  found  in  forest  soil,  hence  this  soil  ma^'  be 
called  hygienically  pure. 

Only  when  upper  soil  strata  dry  out  and  a  wind,  forming  dust, 
sweeps  over  them  are  microorganisms  carried  into  the  air;  hence,  with 
less  air  movement  in  the  forest,  we  would  expect  fewer  microbes  in  the 
forest  air.  This  expectation  is  realized  in  the  investigation  of  Sera- 
finiand  Arata,  who  tabulate  their  countings  of  bacteria,  derived  into 
three  classes — molds,  liquefying,  and  nonliquefying  bacteria  for  40 suc- 
cessive days,  from  May  6  to  July  8 — and  tind,  that  with  one  exceptional 
dav,  one  or  two  of  these  classes  were  alwavs  kss  numerous  in  the  for- 
e.^t  than  on  its  outskirts  and  generally  irom  twent3"-three  to  twenty- 
eight  times  less. 

With  these  detail  investigations  are  in  accord  the  general  observa- 
tions in  India,  where  villages  surrounded  by  fore^sts  are  never  visitied 
by  cholera,  and  troops  are  being  withdrawn  into  forest  stations  in  order 
to  arrest  the  disease  which  it  has  been  found  is  invited  by  removal  of 
forests.  Extensive  moors,  which  exhibit  similar  unfavorable  soil  con- 
ditions, have  been  oiiserved  to  give  the  same  immunity  from  the  dis- 
ease. With  recjard  to  vellow  fever  the  same  observations  have  been 
made  in  our  own  countrv. 

If  it  is  considered,  savs  Ebermaver,  that  the  coma  ])acillus  which 
produces  cholera  makes  great  demands  in  its  nutrition  and  belongs  to 
the  most  sensitive  bacteria,  especially  sensitive  against  free  acid,  being 
destroyed  by  acid  stomach  juices,  that  when  dry  it  dies  quickly  and  is 
readily  attacked  l)y  decay-producing  bacteria,  that  it  prospers  best  in  a 
temperature  of  SO-  F.  to  11^-  F.,and  ceases  to  grow  when  the  tempera- 
ture sinks  below  54-  F.,  the  protective  influence  of  the  forest  is  readily 
explained. 

Malaria  has  been  shown  bv  Marchiafava  and  Celli  not  to  be  a 
bacterial  disease,  but  to  be  produced  by  parasitic  protozoa,  called  by 
these  authors  "plasmodia,''  which  are  formed  in  the  red  blood  corpus- 
cles and  when  inoculated  upon  healthy  people  produce  the  disease. 
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Although  their  exterior  existence  is  unknown  they  probably  also 
come  from  the  soil,  and  probabh\  also,  warmth  or  wet  soil,  i>eriodii*ally 
changing  to  dry  in  the  upper  strata,  are  the  best  conditions  for  their 
development.  As  long  as  the  water  covers  the  soil  there  is,  therefore, 
no  danger,  which  only  begins  with  the  recession  of  the  same  and  the 
admission  of  air  necessary  for  the  development  of  the  plasmodia,  which 
accumulate  then  near  the  soil.  Since  they  can  not  rise  very  high 
houses  placed  on  hills  within  malarial  regions  or  high  above  the  ground 
are  free  from  the  disease. 

The  same  reasons  which  make  the  forest  conditions  unfavorable  to 
bacteria  growth,  namely,  reduced  temperature  and  moister  soil,  with 
more  ready  drainage  usually,  as  well  as  the  absence  of  dust  and  winds 
raising  the  same  and  the  filtration  process  shown  by  Serafina  by  which 
the  Imcteria  coming  from  the  outside  are  reduced  in  number,  are  also 
reasons  for  the  observed  beneficent  effect  of  forest  plantations  in  ma- 
larial districts,  such  as  the  Campagna  Romana. 

Finally,  a  word  on  the  value  of  larger  parks  in  cities.  While  they  do 
not,  according  to  these  expositions,  purify  the  air  directly  by  the  func- 
tion of  the  leaves,  as  has  been  claimed,  thev  certainlv  establish  air  cur- 
rents  that  may  bring  fresher  air  to  the  ground;  but  their  hj'gienic 
function  consists  mainly  in  reducing  the  temperature  by  their  shade 
and  in  furnishing  better  drainage  conditions  of  the  soil  and  purifying 
the  same  by  absorbing  the  results  of  decomposition  from  animal  mat- 
ter, and  lastly  by  preventing  or  reducing  at  least  dust  and  with  it  bac- 
teria in  the  air,  keeping  it  purer  than  it  would  otherwise  be. 


Appendix  1. 


DETERMINATION  OF  THE  TRUE  AMOUNT  OF  PRECIPITATION  AND  ITS 
BEARING  ON  THEORIES  OF  FOREST  INFLUENCES. 


By  Cleveland  Abbe. 


The  accurate  measurement  of  rainfall,  or  the  confidence  to  be  placed 
in  the  rainfall  data  that  are  being  accumulated  in  such  great  quantities, 
is  a  matter  of  profound  importance  in  climatology,  in  engineering,  and 
even  in  storm  predictions.  This  subject  excites  much  consideration 
in  the  public  mind,  since  the  comparison  of  the  ancient  and  present 
condition  of  Asia,  Europe,  and  America  leads  to  many  forebodings 
as  to  our  own  future:  it  is  therefore  eminently  worthy  of  full  treat- 
nient  and  critical  discussion.  We  must  be  satisfied  as  to  the  degree  of 
reliability  of  our  data  before  we  use  them  in  attempting  to  elucidate 
such  queries  as  are  suggested  by  thoughtful  men  and  such  as  were  in 
fact  discussed  at  a  recent  symposium  of  the  Philosophical  societ}^  at 
Washington  upon  the  question  ''Do  forests  affect  rainfall  if" 

On  that  occasion  extensive  statistics  were  presented  by  several  mem- 
bers of  that  society,  but  it  seemed  to  me  that  certain  other  fundamental 
questions  which  are  discussed  in  this  paper  must  be  considered  if  we 
desire  to  get  at  the  exact  truth  in  regard  to  this  matter. 

The  question,  "Whether  forests  affect  rainfall?"  can  apparently  be  attacked 
from  several  sides.  Some  are  satisfied  to  appeal  to  deductive  reasoning,  thereby 
proving  that  the  forests  ought  to  affect  rainfall,  and  their  arguments  have  much 
plausibility.  Others  are  satisfied  to  appeal  to  the  historical  evi<lence  and  quote  the 
dried-up  streams  of  Europe,  Asia,  and  America,  and  the  deserts  that  were  once  gar- 
dens. But  the  instrumental  meteorologist  an<l  the  observer  who  knows  that  rain 
gauges  have  been  carefully  obsen^ed  here  and  there  for  the  past  300  years,  or  since 
the  first  gauges  were  u.*«ed  by  Leonardo  da  Vinci,  still  naturally  look  to  the 
records  of  the  many  stations  that  are  accessible  to  us  and  expei't  these  to  give  a 
very  definite  statistical  answer  that  can  l:>e  relieil  on  quantitatively  as  well  as  quali- 
tatively. 

Such  rainfall  records  must  be  the  ultimate  test  of  the  truth  of  any  hypothesis, 
but  the  question  is  one  of  considerable  diflBiculty,  since  we  have  to  determine  a  small 
quantity  by  means  of  observations  that  may  be  liable  to  large  errors,  and  it  is  nec- 
essary to  be  on  our  guard  against  fallacious  reasoning  and  against  the  liability  to 
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draw  conclusions  finer  than  the  data  will  warrant.  To  this  end  the  law  of  envirs  or 
the  calculus  of  probabilities  mast  ])e  appealed  to.  My  present  study  relates  prin- 
cipally to  subjects  of  fundamental  importance,  namely,  the  accuracy  of  the  indi- 
vidual statistics  and  the  variability  of  distribution  of  rainfall  chronolodcallv  and 
geographically. 

RELATION    OF    PATTERN    AND     ALTITUDE     OF     (iAUGES     TO     AaTRACY    OF    RAINFALL 

MEASUREMENTS. 

AVith  regard  to  the  accuracy  of  rainfall  measurements  viewed  simply  as  compar- 
able data,  two  matters  have  been  studied  experimentally,  namely,  the  size  and 
style  of  the  gauge  and  the  altitude  above  ground.  With  regard  to  size,  it  is  satis- 
factorily shown  that  no  error  of  more  than  1  per  cent  systematically  attaches  to 
gauges  of  the  ordinary  forms  and  of  diameters  anywhere  between  4  and  44  inches. 
With  regard  to  the  altitude  it  nnist  be  conce<led  that  for  a  hundred  years  it  has  been 
known  in  a  general  way  that  observations  by  gauges  at  various  heights  above  the 
ground  are  not  comparable  with  each  other.  The  remarkable  influence  of  altitude 
was  first  brought  to  the  attention  of  the  learned  world  by  Hel)erden,  who,  in  a  memoir 
in  the  transactions  of  the  Royal  Society  of  London,  in  1 769,  stated  that  a  gauge  on 
Westminster  Abbey  over  150  feet  al)ove  the  ground  caught  less  than  half  as  much 
as  a  gauge  at  the  ground.  Since  his  day  numerous  others  have  institute<l  similar 
observations  in  their  respective  localities.  Usually  they  have  been  siitisfied  with 
observing  only  one  or  two  elevated  gauges,  but  of  late  years,  in  order  to  fully  elucl 
date  the  subject,  more  elaborate  measurements  have  been  ma<le;  thus  Phillips  and 
Gray,  at  York,  England,  have  observed  at  eight  different  altitudes,  including  the 
gauge  on  the  tower  of  York  Minster. 

Bache,  at  Philadelphia,  observed  four  gauges  on  top  of  a  scjuare  tower,  and  four 
others  on  poles  alx)ve  them;  Col.  Ward,  at  Calne  House,  Wiltshire,  ob''e^^'ed  ten 
pairs  of  gauges  at  elevations  of  20  feet  or  less,  each  pair  consisting  of  an  8-inch  and 
a  5-inch  gauge;  Bates,  at  Castleton  Moor,  similarly  observed  ten  i)airs  of  gauges; 

Ch rimes,  at  Rotherham  Reservoir,  six  gauges  at  elevations  of  25  feet  or  less;   ( ^?) 

at  Hawsker,  four  3-inch  gauges,  at  altitudes  of  10  feet  or  less;  Wilde,  at  St.  Peters- 
burg, MX  10-inch  gauges,  at  altitudes  of  5  meters  or  leas,  and  one  at  an  altitude  of  25 
meters.  A  very  laborious  series  of  six  or  eight  gauges  at  altitudes  of  40  feet  or  less 
has,  to  my  knowle<lge,  been  carried  on  for  some  years  ])y  Fitzgerald,  at  Chestnut 
Hill,  near  Boston,  but  the  results  are  not  yet  i)ublished. 

It  will  1.KJ  seen,  therefore,  that  abundant  observational  data  are  at  hand  for  the 
ehicidation  of  the  peculiarities  of  the  rain  gauge,  and  the  results  that  can  be  deduced 
from  such  data  command  our  immediate  attention.  Whatever  mystery  has  hitherto 
attached  to  the  undou])ted  fact  that  elevatcil  gaus:e'i  catch  less  rain  is  now  fully 
explained  away.  This  phenomenon  is  of  the  nature  of  an  error  in  the  rain  gauge 
depending  upon  the  force  of  the  wind  that  strikes  it,  and  as  will  be  seen,  now  that  the 
knowledge  of  the  source  oi  error  has  been  established,  the  method  of  correcting  or 
j)reventing  it  becomes  simple. 

It  will  be  remembered  that  Benjamin  Franklin,  upon  reading  Ilelx^rden's  memoir, 
at  once,  in  1771,  in  a  letter  to  Percivil  explained  his  results*  by  the  hypothesis  that 
falling  col<l  rain  dro])s  condense  the  moisture  they  meet  with  in  the  warmer  lower 
strata,  and  that  Phillij^s,  in  1834,  independently  revived  this  liypothesis  as  explaining 
the  increase  of  rainfall.  A  much  truer  explanation  had  been  sujjgested  by  Meikle, 
in  the  Annals  of  Philosophy  for  1819,  and  by  Boace  (Annals  of  Philosophy,  1822), 
to  the  effect  that  the  deficiency  is  due  to  the  veloiity  of  the  wind  and  to  the  fact 
that  the  gauge  stands  as  an  obstacle  to  the  wind;  also  Howard  showed  that  the 
strength  of  the  wind  affected  the  higher  gauge.  But  these  minor  notices  seem  to 
have  product'd  but  little  effe-.'t  among  meteorologists,  and  it  remains  for  W.  B.  Jevons, 
Phil.  Mag.,  1S(.)1,  vol.  xxii,  to  demonstrate   that  the  Franklin-Phillips  hypothesis 
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was  highly  unsatisfactory,  and  in  fact  imj>o6t«ible,  and  that  the  true  reason  of  dinii- 
nution  of  api»areiit  rainfall  with  the  height  of  gauge  is  the  influence  of  eildies  of  wind 
around  the  building  and  the  mouth  of  the  gauge.  This  explanation  had,  however, 
been  also  quite  clearly  pointed  out  by  Prof.  Bat^he,  who  had  shown  that  eddiesaround 
the  top  of  the  tower  affected  the  distribution  of  the  rainfall  on  the  tower.  Alexan- 
der Dallas  Bache  and  Joseph  Henry  were  intimately  as80ciate<l  in  their  scientific 
work  as  early  as  1835  (and  especially  after  Henry  came  to  \Va.'?hington,  in  1847,)  and 
the  latter  had  adopted  that  which  is  now  called  Jevou's  explanation,  although  as 
we  have  seen  it  was  first  given  by  Meikle,  1819,  and  subsequently  independently 
arrived  at  by  many  others.  This  theory  was  definitely  adopted  and  disseminated  by 
Henry  at  least  as  earlv  as  1853  in  connection  with  his  instructions  to  Smithsonian 
observers. 

The  essence  of  this  explanation  may  be  stated  thus:  In  the  case  of  ordinary  rain- 
falls we  invariably  have  the  air  full  of  large  and  small  drops,  including  the  finer 
particles  that  constitute  a  drizzling  mist  and  the  fragments  of  drops  that  are  broken 
up  by  spattering.  All  these  are  descending  with  various  velocities  which,  acconling 
to  Stokes,  depend  on  their  size  and  density  and  the  viscous  resistance  of  the  air;  the 
particles  of  hail  descend  even  faster  than  drops  of  water  and  the  fiakes  of  snow 
descend  slower  than  ordinary  drojw.  Now  when  the  wind  strikes  an  ol)6ta<.'le  the 
deflected  currents  on  all  sides  of  the  obstacle  move  past  the  latter  more  rapidly; 
therefore,  the  open  mouth  of  the  rain  gauge  has  above  it  an  invisible  layer  of  air 
whose  horizontal  motion  is  more  rapid  than  that  of  the  wind  a  little  distance  higher 
up.  Of  the  falling  raindrops  the  larger  ones  may  descend  with  a  rapidity  sufficient 
to  penetrate  this  swiftly  moving  layer,  but  the  slower  falling  drops  will  be  carried 
over  to  the  leeward  of  the  gauge,  and  failing  to  enter  it  will  miss  being  counted  as 
rainfall,  although  they  go  on  to  the  ground  near  by.  Evidently  the  stronger  the 
i^dnd  the  larger  will  l>e  the  proportion  of  small  drops  that  are  carried  past  the 
gauge;  or  again,  the  larger  the  proportion  of  small  drops  and  light  fiakes  of  snow 
that  constitute  a  given  shower,  the  more  a  gauge  will  lose  for  a  given  velocity  of 
the  wind.  In  brief,  the  loss  will  depend  l)oth  upon  the  velocity  of  the  wind  and  the 
velocity  of  the  descent  of  the  precipitation;  therefore,  a  gauge  will  in  general  catch 
less  in  winter  than  in  siunmer — less  in  a  climate  where  lii^ht,  fine  rains  occur  than 
where  the  rains  are  composed  of  larger,  heavier  drops;  Icjjs  in  a  country  or  in  a  season 
of  strong  winds  than  of  feeble  winds;  less  when  exposed  to  the  full  force  of  the 
wind  by  being  elevated  on  a  iK)st  than  when  exposed  to  the  feebler  winds  near  the 
ground. 

The  action  of  the  wind  in  blowing  the  precipitation  over  to  the  leewanl  of  the 
gauge  depends  on  velocity  rather  than  on  the  Sipiare  of  the  velocity  of  the  wind  and 
of  the  raindrop,  and  it  is  aggravated  by  the  formation  of  whirls  or  eddit*s  within  the 
gauge  itself  by  reason  of  which  light  and  dry  snowflakes  are  even  whirletl  out  of  the 
gauge  after  being  once  caught  in  it.  Similar  remarks  apply  to  the  rainfall  on  the 
top  of  a  large  scpoare  building  with  a  flat  or  depressed  roof;  nc^t  only  doi*s  the  top  as 
a  whole  receive  less  than  an  equal  area  at  the  ground,  but  the  distribution  of  rain- 
fall on  the  roof  is  such  that  the  least  rain  falls  on  the  windward  portion  and  the 
most  on  the  portion  to  leewanl,  while  somewhere  on  the  roof  will  be  found  a  region 
whose  average  rainfall  coincides  with  that  on  the  ground.  But  the  location  of  this 
region  will  vary  with  the  direction  and  strength  of  the  wind  and  the  quality  of  the 
precipitation,  so  that  we  have  but  little  assurance  that  any  single  rain  gauge  on  the 
roof  will  represent  the  rainfall  on  the  ground. 

An  interesting  illustration  of  this  action  of  the  wind  has  been  noted  by  me  in  the 
case  of  several  gauges  €»stablished  in  a  cluster  in  a  sandy  region.  The  gauges  sat  on 
the  ground,  their  mouths  were  2  or  3  feet  above  the  surface;  and  being  cylindrical 
they  offered  considerable  retistance  to  the  wind.  The  windward  gauges  caught  less 
rain  than  the  leewanl  but  they  also  caught  more  sand,  showing  that  the  strong 
winds  which  carried  the  light  raindrops  on  l)eyonvl  also  stirre<l  uj)  the  light  surface 

25H62— No.  7— (Hi 12 


178 


FOREST   INFLUENCES. 


sand  and  were  just  able  to  drop  the  sand  into  the  windward  gauges  while  carrying 
the  rain  on  to  the  leeward  gauge.  In  accordance  with  the  preceding  explanation  all 
observations  everywhere  show  that  the  higher  gauges  have  the  larger  deficit  in  rain 
catch  and  still  larger  deficits  in  the  snow  catch,  and  that  both  deficits  increase  with 
the  wind. 

Mordecai  states  (Journal  Franklin  Institute,  1838,  vol.  xxii,  p.  37)  that  he  arranged 
his  observations  at  Frankfort  Arsenal  to  show  the  rain  catch  at  the  ground  and  on 
the  tower  52  feet  high  according  to  the  force  of  the  wind  as  estimated  by  him  on  the 
scale  0  to  10  as  used  by  him,  and  found  the  deficit  of  the  tower  gauge  to  be  0  per  cent 
for  calms  and  light  winds,  but  increasing  steadily  up  to  36  per  cent  for  a  wind  of 
force  8. 

Bornstein  (Met.  Zeit.  Oct.  1884)  arranges  the  catch  in  protected  and  unprotected 
gauges  according  to  the  velocity  of  the  wind,  and  for  seven  months  of  observation 
obtained  the  following  deficits  in  millimeters,  to  which  I  add  the  same  converted 
into  percentages  on  the  assumption  that  the  protected  gauge  is  practically  equivalent 
to  the. pit  gauge.  This  assumption,  although  it  is  not  quite  correct,  will  not  much 
change  our  results: 

Table  I. 


Wind 

Num- 

Protected 

Unprotect- 

Unprotect- 

Unjprotect- 
ea  gauge 

force— 

ber  of 

gauere 
catcli. 

Mm. 

ed  gauge 

ed  gauge 

0tol2. 

days. 

catch. 

deficit. 

deficit. 

Mm. 

Mm. 

Percent. 

0 

6 

3.30 

3.06 

0.24 

7 

1 

37 

88.34 

81.44 

6.90 

8 

2 

26 

70.40 

63.80 

6.60 

9 

3 

15 

36.62 

29.89 

6.73 

18 

4 

15 

43. 45 

89.57 

8.88 

8 

5 

1 

2.50 

1.50 

1 

40 

6 

1 

1.76 

1.38 

0.38 

22 

The  distinction  between  the  effect  of  the  winds  in  heavy  rains  and  fine  rains  is 
very  clearly  brought  out  by  Bornstein' e  classification  of  the  catch  on  twenty-six  days 
of  fine  rain  and  forty -three  days  of  heavier  rains;  the  i)ercentage8  are  as  shown  in 
the  following  table: 

Table  II. 


Wind 
force. 


0 
1 
2 
3 


43  heavy  raln.s.        26  fine  rains. 


No.  of     j^  J.  .J    ,  Xo.of 
da  vs.      *^*"^ii-      dftvs. 


17 
13 

I 
6 


Per  cent. 


6 
13 
14 
17 


4 

8 
6 
6 
2 


Deficit. 


/Vr  cent. 
23 
25 
18 
46 
52 


Although  all  these  preceding  data,  lx>th  by  Mordecai  and  Bornstein,  are  limited 
in  quantity,  yet  they  conspire  to  show  uniformly  the  same  effect  of  the  wind  that  is 
shown  in  an  exaggerated  scale  when  the  ordinary  gauge  is  used  to  catch  snowfall. 
Similar  results  based  on  a  somewhat  larger  series  of  observ'ations  are  published  by 
Wild  (Rei>ertorium  for  Met.,  vol.  i.x),  as  shown  in  the  following  Table  III,  which 
gives  the  percentage  of  catch  during  winter's  snow  and  summer's  rain  separately  for 
several  altitudes  and  wind  velocities: 
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Table  III. 


Altitude. 

Low  wind  velocities  (2  to        High  velocities  (6  to  9 
5  meters  per  second) .             meters  per  second) . 

Rainfall 
(Apr.-Oct.). 

Snowfall. 
(Nov.-Dec). 

Rainfall 
(Apr.-Oct.). 

Snowfall 
(Jan.-Mar.). 

Metert. 

0 

1 

2 

25 

Per  cent. 
100 
95 
92 

81 

Percejit. 

100 

89 

86 

26 

Percent. 

100 

94 

84 

56 

Percent. 

100 

80 

82 

16 

These  tables  conclusively  show  the  large  influence  of  the  wind  on  the  catch  of  the 
rain,  to  say  nothing  of  its  influence  on  the  catch  of  the  snow.  It  is  therefore  evi- 
dent that  the  annual  rain  precipitation  as  shown  by  gauges  at  various  heights, 
although  always  diminishing  with  the  altitude,  will  diminish  in  different  ratios 
according  to  the  peculiarities  of  the  precipitation  and  the  wind  in  that  locality. 

Without  attempting  to  go  into  special  refinements  it  will  be  sufficient  for  the 
present  to  study  the  annual  catch  as  recorded  at  numerous  stations.  I  have  there- 
fore in  the  following  Table  IV  arranged  the  results  quoted  by  Wild  (Reportorium, 
vol.  ijc,  1885)  and  some  others  that  have  been  published  elsewhere.  This  table 
begins  with  the  results  of  observations  made  at  low  altitudes  and  of  these  I  have 
taken  the  average  of  all  observations  made  for  four  years  at  Calne,  three  years  at 
Castleton,  eight  years  at  Rotherham,  and  ten  years  at  St.  Petersburg  with  gauges 
of  from  5  to  10  inches  diameter.  I  have  omitted  the  observations  for  two  years  at 
Hawsker  with  3-inch  gauges,  because  of  the  shortness  of  the  series  and  the  smallness 
of  the  gauge,  which  latter  point  has  slightly  exaggerated  the  percentage  of  loss.  The 
combined  result  therefore  for  the  4  longer  series  is  to  show  that  for  gauges  of  such 
size  and  construction  as  are  generally  used  in  the  weather  bureaus  of  the  present 
day  and  for  the  average  wind  and  snow  or  rain  that  occurs  at  these  stations  (which 
are  in  fact  fair  representatives  of  the  northern  portion  of  the  temperate  zone)  the 
catch  of  rainfall  diminishes  with  height  of  gauge,  as  shown  by  the  percentage  in  the 
last  column  and  in  which,  of  course,  the  catch  of  the  normal  pit  gauge  is  adopted  as 

the  standard. 

Table  IV. 


Location. 


Calne 

Castleton' 

Rotherham . . . 
St.  Petersburg 


Lcmdon:  Westminster  Abbey 

Emden 

St.  PetenbuiK.  Central  Observatory 

York:  Museum 

Calcutta:  Alipore  Observatory 

Woodside:  W'alton  on  Thames 

Philadelphia:  Frankfort  Arsenal . . . 


5-inch  and  8-mch  gauges. 
5-Inch  and  8-inch  gauges, 

5-inch  gauges 

10-inch  gauges 


No.  of 
years. 


Sheemess:  Waterworks 

Whitehaven:  St.  James  Church 

St.  Petersburg,  Central  Observatory 
Paris:  Astronomical  Observatory... 

Dublin:  Monkstown 

Oxford:  Radcliffe  Observatory 

Co^nbagen:  Observatory 


4 

3 

8 
10 


1 
2 
1 
3 
/ 
1 
3 


Altitude. 


Meters. 


0 
1 
2 
3 
4 
5 
6 


9. 
11 
13 
13 
15 
15 
16 


London:  Westminster  Abbey 

Chester:  Leadworks i 

Wolverhampton:  Waterworks ! 

York :  M inster t 

Boston:  St.  Botolph  Church 


3 

■21 

10 

24 

10 

25 

40 

27 

6 

27 

8 

31 

4 

36 

Relative 
catch. 


Per  cait. 
100 
90 
88 
86 
8.1 
85 
84 

77 
72 
68 
80 
87 
73 
95 

52 

59 
81 
64 
59 
67 


1 

46 

52 

2 

49 

61 

3 

r>5 

69 

3 

(M 

60 

2 

79 

47 
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For  gauges  higher  than  6  meters  this  table  gives  the  results  of  the  individual  local- 
ities. If  we  consider  the  individual  figures  in  the  latter  part  of  this  table  it  would 
seem  that  the  diminution  of  rainfall  with  elevation  of  gauge  is  decided,  but  irregular; 
but  it  is  proper  to  collect  the  data  into  a  few  mean  values  as  shown  in  the  following 
table,  in  which  the  three  higher  groups  may  be  considered  to  represent  the  average 
conditions  of  the  precipitation  in  the  temperate  zone  quite  as  fairly  as  do  those  of  the 
lower  altitudes: 

Table  V. 


Group. 

No.  of 
stations. 

Altitude. 

Observed 
deticit. 

Meters. 

Per  cent. 

1 

0 

0 

2 

1 

10 

3 

2 

12 

4 

3 

14 

5 

4 

15 

6 

5 

15 

/ 

4 

6 

16 

8 

13 

21 

9 

28 

36 

10 

5 

69 

42 

Square 

root  of 

altitude. 

Com- 
puted def- 
icit. 

Ob8.-Comp. 
deficit. 

1 

0.0 

0 

0 

1.0 

6 

+4 

1.41 

8 

+4 

1.73 

10 

-f4 

2.00 

12 

+8 

2. 24 

14 

+i 

2.  45 

15 

+1 

8.61 

22 

-1 

5.29 

32 

+4 

7.68 

46 

-4 

If  we  may  assume  that  on  the  average  of  the  years  and  of  the  localities  thus  grouped 
together  there  is  a  fairly  uniform  average  quality  of  precipitation,  we  should  expect 
the  deficiency  at  each  altitude  to  have  some  definite  relation  to  the  velocity  of  the 
wind,  and  it  emphasizes  our  conviction  that  the  wind  is  the  principal  factor  in  bring- 
ing about  this  deficit  when  we  find  that  these  normal  percentages  are  fairly  repre- 
sented by  the  simple  formula:  Deficit=6  per  cent  of  the  square  root  of  the  altitude 
expressed  in  meters.  The  adoption  of  the  simple  square  root  of  the  altitude  is  of 
cours?e  suggested  by  the  well-known  studies  of  Stevenson  and  Archibald,  from  which 
I  infer  that  for  these  low  altitudes  the  square  root  is  a  satisfactory  approximation 
to  the  rate  of  increase  of  wind  with  altitude,  while  for  much  higher  altitudes  the  one- 
fourth  or  other  power  might  be  preferable.  The  constant  factor,  6  per  cent,  that 
enters  this  formula  will  of  course  not  be  understood  as  applicable  to  other  gauges  or 
velocitieH  or  qualities  of  precipitation  than  those  included  in  the  above  table,  but  the 
close  agreement  of  the  computed  percent£4^s  of  deficiency  shows  that  we  appear  to 
l>e  on  the  right  track,  and  that  some  method  must  be  devised  by  which  to  free  rain- 
fall measures  from  the  influence  of  the  wind  at  the  mouth  of  the  gauge.  We  see,  in 
fact,  that  the  simple  wind-gauge  which  we  have  trusted  so  long  is  liable  to  systematic 
error,  whose  magnitude  is  really  enormous  as  compared  with  the  small  errors  that 
we  ordinarily  investigate  in  connection  with  thermometers,  barometers,  and  ane- 
mometers. 

ELIMINATION    OF    ERRORS   OP   THE    RAIN    GAUGE. 

Two  methods  are  open  to  us  by  which  to  eliminate  this  error  of  the  rain  gauge. 
One  is  instrumental,  the  other  observational. 

Instrumental  methods, — As  Iwfore  said,  Profs.  Bache  and  Henry  seem,  from  their  own 
observations,  to  have  clearly  apprehendetl  the  nature  of  the  error  with  which  the 
gauge  is  affected,  and  the  latter  was  quick  to  suggest  the  remedy,  namely,  to  so  con- 
stnict  a  gauge  that  it  shall  closely  imitate  the  conditions  of  the  normal  exposure,  or 
that  of  a  gauge  whose  mouth  is  on  a  level  with  the  ground,  and  which  is,  there- 
fore, not  covered  over  by  the  disturbing  swift  currents  and  eddies.  The  records  of 
the  Smithsonian  show  that  Henry  caused  numerous  experiments  on  this  subject  to 
be  conducted  after  lie  and  Kspy,  in  1848,  inaugurated  the  Smithsonian  system  of 
meteorological  observers.  In  the  second  volume  of  Henry's  collected  writings  the 
reader  can  easily  consult  his  discussion  of  the  erroneous  explanations  and  his  own 
correct 
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explanation  of  the  phenomenon,  and  at  page  262  will  be  found  Henry's  suggestion  of 
"the  shielded  gauge.*'  This  shielded  gauge  was  an  oitiinary  small  cylindrical 
gauge;  a  few  inches  below  the  mouth  of  this  gauge  a  horizontal  circular  plate  of  tin 
4  or  5  inches  wide  was  soldered  to  it  like  the  rim  of  an  inverted  hat;  by  this  means 
he  hoped  to  ward  off  the  disturbing  eddies  which  would  necessarily  be  formed  almost 
whollv  beneath  the  flat  rim  and  therefore  harmless. 

Although  Henry's  shielded  gauge  was  described  at  leaet  as  early  as  1853,  yet  I 
have  not  found  as  yet  any  records  or  observations  made  with  it,  though  guch 
probably  exist,  as  Henry's  suggestion  was  widely  distribute<i  among  the  Smithso- 
nian observers. 

In  1878  Prof.  Nipher,  of  St.  Louis,  published  the  first  results  of  his  observations 
with  his  own  ehieldetl  gauge,  as  independently  invente<i  by  him.  He  surrounds  the 
upper  portion  of  the  gauge  by  an  umbelliform  screen  made  of  wire  gauze;  the  fall- 
ing rain  strikes  on  this  and  breaks  up,  and  falls  down  to  the  ground  without  spatter- 
ing into  the  mouth  of  the  gauge  at  the  center,  while  the  gauze  sufficiently  breaks 
up  the  wind  currents  to  maintain  a  normal  condition  of  the  air  at  the  mouth  of  the 
gauge.  Nipher's  own  experiments  with  this  gauge  showed  that  its  catch  at  a  height 
of  118  feet  above  the  ground  was  nearly  the  same  as  that  of  the  ground  gauge  iti?elf. 

The  invention  of  the  shielded  gauge  gives  us  the  required  instrumental  solution  of 
our  problem.  Of  late  years  Bornstein  in  Berlin  and  Wild  in  St.  Petersburg  have 
experimented  very  largely  with  Nipher's  shielded  gauge,  and  have  reported  in  its 
favor.  Hellmann,  during  1887,  also  ob8er\'ed  with  a  Nipher  gauge,  and  finds  the 
effect  of  the  shielding  to  be  very  favorable,  but  not  so  much  so  as  to  make  it  quite 
equal  to  the  ground  gauge. 

The  good  accomplished  by  the  shields  adopted  by  Henry,  or  by  Nipher,  can  also 
be  largely  attained  by  a  simple  system  of  protection  from  wind.  By  "a  protected 
gauge  "  I  mean  an  ordinary  gauge  whose  mouth  is  a  few  feet  above  the  ground,  and 
which  is  surrounded  at  a  distance  of  a  few  feet  h^y  a  fence  or  screen  separate  from 
the  gauge,  and  whose  top  is  a  little  above  the  mouth  of  the  gauge.  The  protecting 
fence  is  therefore  so  arranged  that  it  diminishes  the  wind  at  the  mouth  of  the  gauge 
without  itself  introducing  new  and  violent  injurious  eddies.  Both  Bornstein,  ^^'ild, 
and  Hellmann  have  experimented  with  such  protected  gauges,  the  protecting  fence 
being  so  constructed  that  the  angular  altitude  of  the  top  of  the  fence  as  seen  from 
the  mouth  of  the  gauge  is  between  20  and  30  degrees.  The  catch  of  the  gauge  thus 
protected  always  exceeds  that  of  the  free  gauge,  so  that  the  correction  to  reduce  it 
to  the  ground  gauge  is  comparatively  quite  small,  the  deficit  being  reduced  from  25 
per  cent  down  to  3  or  4.  . 

Hellmann  has  also  made  the  following  interesting  experiment:  The  roof  of  the 
Academy  of  Architecture  in  Berlin,  where  the  Royal  Prussian  Meteorological  Insti- 
tute is  temporarily  domiciled,  covers  about  50  meters  square,  and  is  not  merely  flat, 
but  depressed  considerably  below  the  rampart  walls  of  the  building;  it,  therefoi-e, 
constitutes  a  grand  protection  to  any  gauge  placed  near  the  center  of  the  roof,  and 
accordingly  Hellmann  finds  that  in  this  location  gauges  catch  more  than  anywhere 
else  on  the  roof  or  the  ramparts,  and  but  little  less  than  a  gauge  on  the  ground.  His 
conclusion  is  that  the  Nipher,  or  similar  protection,  can  nearly,  but  still  only  partly, 
annul  the  injurious  influences  of  strong  winds  on  the  catch  of  the  gauge. 

The  reduction  or  correction  of  rainfall  for  altitude,  as  it  has  hitherto  been  called, 
is  therefore  really  a  correction  or  reduction  of  the  readings  of  the  rain  gauge  for  an 
instrumental  error  due  to  the  wind. 

Ohserrational  methods. — As  an  observational  method  of  obtaining  the  true  rainfall 
from  the  gauge  reading,  and  if  it  is  impracticable  to  establish  a  normal  pit  gauge  in 
a  good  location,  or  if  it  be  desired  to  determine  approximately  the  correction  to  be 
applied  to  past  records  obtained  from  a  gauge  that  still  remains  in  the  former  place, 
the  following  arrangement  offers  a  fair  approximation. 

If  the  present  gauge  has  been  standing  in  an  open  field  at  a  few  feet  elevation 
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place  two  or  more  gimilar  gauges  near  it,  and  similarly  located  as  far  as  obstadee 
are  concerned,  except  only  that  one  of  these  is  to  be  decidedly  lower  than  the  old 
one  and  the  other  decidedly  higher.  From  a  comparison  of  the  simultaneous  rec- 
ords of  any  two  gauges  and  their  altitudes,  we  should  for  each  separate  rainfall, 
rather  than  for  the  monthly  and  annual  sums,  deduce  the  normal  rainfall  by  the 
solution  of  two  or  more  equations  of  the  form: 

Observed  catch  of  gauge=(l— a-  \/ altitude)  X  (desired  catch  of  normal  pit  gauge). 

Where  .r  is  the  imknown  special  coeflBcient  of  deficiency  due  to  wind  at  that 
altitude — that  is  to  say,  having  two  gauge  catches,  c^  and  c,  for  the  two  altitudes  B^ 
and  -H, — we  obtain  the  true  rainfall  {R)  by  the  fonnulse: 


q  =  (l— .¥>///;)  R 
c,  =  (l—x\/1{^)  R 


whence 


1 


•y/n\         '      III] 


(Ci  — r-)  =  ri-|-n  {Ci—c^). 


1 


If  Cj  and  Hi  relate  to  the  lower  gauge  we  shall  generally  have  c^  >  c^  and  H^  <  //, 
and  the  coefficient  n  will  be  a  positive  fraction,  whose  value  is  given  in  the  follow- 
ing table  for  such  combinations  of  units  as  may  easily  occur  in  practice: 

Table  VI. 


Altitude 

of  upper 

gauge. 


2 
3 
4 
6 
6 


Values  of  n  for  altitudes  of  lower  gauge 

3  4 


2.414 
1.366 
1.000 
0.828 

0.68« 


4.450 
2.414 
1.721 
1.366 


6.469  I 

3.438       8.474  < 
2.414  I    4.450     10.485 

I 


If  the  present  gauge  is  located  upon  the  top  of  a  building,  perhaps  the  best  that 
can  be  done  to  study  the  accuracy  of  its  records  is  to  locate  other  similar  gauges  so 
as  to  get  the  average  rainfall  over  the  whole  roof  at  the  same  uniform  altitude;  the 
next  l)ept  would  be  to  establish  a  standard  protected  or  shielded  gauge  as  high  as 
practicable  above  the  roof. 

If  a  new  observing  station  is  to  be  started  then  a  single  shieldeil  or  protected 
gauge  is  better  than  a  single  improtected  one;  but  two  more  shielded  gauges  at  differ- 
ent altitudes  afford  the  means  of  calculating  the  correction  for  wind  which  will,  of 
course,  be  quite  small  for  this  style  of  gauge. 

VARIATIONS   IN   GEOGRAPHICAL   DISTRIBUTION  OF   RAINFALL. 


By  the  combination  of  records  from  widely  separate*!  rainfall  stations  we  ordina- 
rily seek  to  determine  the  uniformity  or  irregularity  of  rainfall  as  to  its  geographi- 
cal distribution.     The  studv  of  horizontal  distribution  of  rain  should  be  first  made 

» 

by  means  of  siiimltaneous  observations  at  many  stations  within  a  small  region.  The 
most  instructive  work  of  this  kind  that  I  know  of  is  that  just  now  being  carried  on 
by  Ilellmann  in  the  "experimental  rainfall  field  **  of  the  Royal  Prussian  Meteorologi- 
cal Institution.  This  institution  was  in  1884  officiallv  transferred  from  the  bureau 
of  statistics,  where  it  hatl  been  organize<l  by  Mahlmann  and  Dove,  over  to  the 
bureau  of  religion,  education,  and  medicine,  where  it  is  now  intimately  connected 
with  all  the  scientific  and  educational  work  in  Berlin  and  is  mider  the  directorship 
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of  Prof.  W.  von  Bezold.  The  experimental  rain  field  really  consists  of  the  city  of 
Berlin  and  the  country  around,  especially  to  the  westward,  embracing  a  region  of 
about  15  kilometers  square,  within  which  are  located  Berlin,  Spandau,  and  Potsdam. 
The  forests  on  the  westward,  the  intermediate  gardens  and  fields,  the  valley  of  the 
river  Spree,  and  the  city  of  Berlin,  offer  a  great  variety  of  surfaces  but  without  any 
mountains  or  hills.  The  avera^  height  of  the  ground  above  sea  level  is  scarcely  50 
meters,  the  average  distance  of  the  gauges  from  each  other,  namely,  the  mean  of  all 
possible  combinations,  is  about  4.5  kilometers,  the  maximum  distance  being  11  and 
the  minimum  0.5. 

AVithin  this  area  Hellmann  has  twenty-one  stations,  some  of  which  represent  sev- 
eral gauges.  His  work  began  in  1884,  and  he  adopted  as  the  stanilard  height  of  the 
mouth  of  the  gauge  1.07  meters  above  the  ground.  I  have  selected  for  study  the  eleven 
stations  for  which  complete  records  for  1886-*87  are  given  in  Hellmann' s  Reports.  The 
accompanying  Table  VII  shows  the  rainfall  for  each  station  for  each  year  and  the 
departures  of  each  st£tion  from  the  annual  mean  of  the  eleven.  From  these  departures 
we  get  the  probable  error  of  any  one  annual  rainfall  as  plus  or  minus  6  per  cent  of 
its  own  value.  That  is  to  say,  assuming  that  the  same  quantity  of  rain  and  snow 
fell  unifonnly  over  the  whole  of  this  small  region,  and  that  the  gauges,  if  unaffected 
by  any  error,  should  therefore  agree  among  themselves  perfectly,  then  their  failure  to 
do  so  is  such  that  it  is  an  even  chance  that  any  given  rainfall  is  discordant  from  the 
average  by  plus  or  minus  6  per  cent.  At  first  Hellmann  suggested  that  the  records 
of  stations  1,  2,  3,  and  4,  which  were  in  the  open  land  east  of  the  forests,  showetl  that 
less  precipitation  fell  there  than  over  the  forests,  affording  an  argument  for  the  idea 
that  the  forest  attracted  an  extra  amount  of  rain;  but  of  the  other  stations  there 
were  also  some  that  were  protected  by  the  forests,  and  next  year  all  of  these  reported 
large  rainfalls.  Now,  all  of  these  gauges  were  at  a  standard  height  in  oi^en  regions, 
such  that  only  the  variations  in  wind  proper  or  in  the  currents  induced  by  neigh- 
boring obstacles  could  conceivably  affect  the  catch  of  the  gauge;  moreover  the  differ- 
ences between  the  stations  were  greatest  in  the  winter  and  least  in  the  summer 
months,  and  all  the  study  of  the  configuration  of  the  ground  around  the  stations 
tends  to  show  that  the  differences  in  the  catches  of  the  gauges  were  ilue  to  the  irregu- 
larities of  horizontal  distribution  of  the  strength  of  the  wind  as  influenced  by  the 
surroundings.  In  other  words,  instead  of  studying  the  geographical  or  horizontal 
distribution  of  the  total  annual  rainfall  it  was  safe  to  assume  that  that  had  l)een  uni- 
forni  for  each  year  over  this  small  area,  and  that  we  are/^udying  simply  the  hori- 
zontal distribution  of  a  deficiency  in  catch  or  a  rain-gauge  error  due  to  very  local 
winds  at  the  mouths  of  the  gauges. 

Table  VII. 


1 
2 
3 

4 

6 

7 

8 

9 

10 

12 

14 


Station,  Hellmaim's  number. 


Mean 


Observed 
preelpitation. 


1SH^^. 


mm. 
MU 

an? 

388 

438 
•Ui'_> 
MYI 
-173 
444 
422 

424 


1HS7. 


mm. 
514 
507 
:>24 
iS()5 
492 
530 
54i> 

5m» 

53C. 
51(5 

5u; 


518 


Departures. 


188(). 


1887. 


mm. 
30 
61 
37 
36 
11 
14 
3X 
38 
49 
20 
2 


336 


mm, 

4 

11 

6 

13 

26 

18 

31 

9 

18 

2 

2 

140 


1KS6. 


Ptr  (i. 
7 

14 
9 
9 
3 
3 
9 
9 

12 
5 
0 


1887 


Perct. 


1 
2 
2 
2 
1 
1 
2 
2 
2 
1 
0 


This  conclusion  is  confinned  by  examining  the  records  in  the  summer  months 
separately  from  those  in  the  winter.     Local  showers  are  frequent  during  the  summer 
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and  the  irregularities  in  horizontal  distribution  are  presumptively  greatest  at  that 
time.  During  the  winter  the  extended  layers  of  clouds  give  us  no  a  priori  reason 
to  expect  large  irregularities  in  the  geographiciil  distribution  of  snow  fall  and  rain. 
Hellmann's  records  show  that  the  geographical  irregularities  in  the  catch  of  his 
gauges  is  really  least  in  summer  and  greatest  in  winter,  thus  confirming  our  convic- 
tions that  on  the  average  of  the  year  the  precipitation  is  uniformly  distributed  and 
the  variations  in  catch  depend  on  the  geographical  'distribution  of  the  wind  at  tlie 
gauges  during  the  fall  of  rain  and  snow. 

The  eleven  gauges  here  selected  from  Hellmann's  data  were  unprotected  and  uni- 
formly 1.07  meters  al)ove  ground,  an<l  it  is  evident  that  they  would  not  have  neces- 
sarily shown  a  similar  discrepancy  of  6  i>er  cent  among  themselves  had  they  been 
placed  at  some  other  altitude.  As  the  absolute  deficits  of  each  gauge  increase  like 
the  wind  with  the  square  root  of  the  altitude,  so  also  should  the  apparent  irregu- 
larities in  geographical  distribution.  But  this  rule  should  not  l3e  so  far  stretched 
as  to  assume  that  gauges  at  the  ground  surface  would  therefore  show  no  irregulari- 
ties in  the  horizontal  distribution  of  rain,  the  fact  l>eing  that  there  is  even  for  them 
an  outstanding  uncertainty  of  2  per  cent,  which  is  the  total  combined  effect  of  all 
the  irregularities  of  measurement  and  the  drifting  of  snow  or  rain. 

In  general,  then,  we  conclude  that  in  the  case  of  a  number  of  gauges  placed  within 
a  few  miles  of  each  other,  and  of  which  we  know  nothing  as  to  the  height  and  exix>sure, 
except  that  in  general  the  observers  have  placed  them  in  fairly  open  situations,  there 
is  no  reason  to  give  a  preference  to  the  reports  of  one  gauge  rather  than  that  of 
another,  since  if  the  ol^servers  are  equally  reliable  the  irregularities  of  catch  are 
likely  to  far  excee<.l  the  errors  of  careful  observers.  Again,  the  probable  error  of  6 
per  cent,  due  to  unobserved  and  uncontrollable  irregularities  in  the  action  of  the  wind 
on  these  ordinary  cylindrical  gauges  located  1.07  meters  above  the  ground,  indicates 
the  utmost  limit  to  which  any  attempt  at  refinement  in  drawing  annual  isohyetal 
lines  should  l>e  carrieii  at  present,  at  least  in  the  climates  such  as  that  of  Berlin,  and 
until  the  data  are  corrected  for  wind  effects.  Finally,  any  attempt  to  deduce  from 
such  gauges  the  relative  rainfall  over  the  forest,  the  cleared  land,  the  hill  and  the 
valley,  can  only  l)e  successful  in  so  far  as  we  make  due  allowance  for  the  influence 
of  the  wind  and  the  character  of  the  precipitation. 

CnR0XOLO(iICAL    VARIATIONS   OF    RAINFALL. 

What  has  just  been  said  with  regard  to  geographical  distribution  holds  good 
equally  with  regard  to  the  chronological  variations  in  rainfall.  Undoubtedly  there 
are  years  of  large  and  of  small  precipitation,  but  if  we  analyze  these  years  we  shall 
see  that  they  differ,  not  only  in  the  quantity,  but  at  the  same  time  in  the  quality  of 
the  precipitation  and  in  the  forces  of  the  winds.  Until  we  are  able  to  correct  the 
measured  rain  or  snow  for  the  wind  effect  we  must  include  this  lai'ge  source  of  uncer- 
tainty in  the  catalogue  of  errors  to  which  our  measurements  are  subject;  thus,  in  some 

'ears,  there  may  Ije  a  heavy  snowfall  of  very  light  snowflakes  falling  during  strong 
wind,  and  in  spite  of  all  our  efforts  to  estimate  we  get  too  small  a  record.  Again,  if 
we  confine  ourselves  to  the  summer  rains  only,  namely,  those  that  directly  affect  the 
growth  of  plants,  we  shall  find  that  in  almost  every  long-continued  series  of  observa- 
tions at  any  locality  trees,  houses,  and  other  obstacles  have  gradually  grown  up  in 
the  neighborhood  so  that  the  average  wind  fort;e  at  the  gauge  has  undergone  a  steady 
progressive  diminution  and  the  gauge,  therefore,  catches  a  larger  percentage  at  the 
close  of  the  series  than  at  the  beginning,  unless  the  ol)stacles  were  always  so  near  as 
to  shelter  the  gauges.  1  have  computed  the  departure  of  each  annual  total  precipi- 
tation (rain  and  snow)  from  the  mean  of  forty-six  years  at  Fort  Leavenworth,  Kans. 

(using  post-surgeon's  record  only);  of  twenty-two  years  at  Spiceland,  Ind.  (olieerva- 
tions  by  H.  R.  Dawson),  and  forty-two  years  at  Washington,  D.  C.  (observations  at 
the  Naval  Olieervatory).     From  the  mean  of  these  departures  it  is  easy  to  compute 
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the  flo-called  probable  error  or  departure  for  anyone  year,  or  the  index  of  variability 
of  annual  precipitation.  The  results  are  given  in  the  accompanying  Table  VIII,  and 
are  interpreted  in  the  following  paragraph: 

Table  VIII. 


stations. 


Num- 


Probable  error 


Average 
^'O'  niSSlrSSD.  of  annual  precipi- 


Probable  error  of 
mean  of  49  years. 


Lfeaven  worth 

Spieeland 

Washington. . 


46 
22 
42 


Inches. 
32.48 
89.40 
39.48 


Inches. 

Per  cent ', 

Inches. 

Per  cent. 

6.02 

18, 

0.86 

2.6 

5.47 

14 

0.78 

2.0 

5.20 

13 

0.74 

1.9 

The  mean  annual  catch  at  the  Fort  Leavenworth  gauge  is  32.48  inches,  as  given  by 
46  years  of  observations,  which,  however,  differ  among  themselves  from  year  to  year 
so  nciuch  that  it  is  an  even  chance  that  the  catch  of  any  one  year  will  differ  from  this 
mean  by  more  or  less  than  18  per  cent  of  its  value  or  by  6.02  inches;  this  18  percent 
is  in  part  due  to  actual  irregularities  in  rainfall  and  in  part  to  the  variable  effect  of 
the  wind  and  the  irregular  proportions  of  snow  and  rain;  the  actual  rainfall  is  larger 
than  this  catch  by  an  unknown  amount  depending  on  the  character  of  the  precipita- 
tion and  the  strength  of  the  wind  at  the  mouth  of  the  gauge. 

It  is  therefore  evident  that  any  conclusion  as  to  a  change  of  climate  during  these 
years  involving  quantities  less  than  the  probable  errors  of  the  mean  rainfall  must  be 
entirely  illusory. 

RECOMMENDATIONS. 

Our  study  of  the  rain  gauge  (section  6)  and  its  errors  would  have  a  melancholy 
conclusion  did  it  not  afford  us  some  suggestion  as  to  the  proper  methods  of  determin- 
ing and  allowing  for  these  errors.  In  view  of  our  present  knowledge  we  now  see 
that  in  establishing  new  stations  better  methods  of  exposure  should  be  adopted  and 
sach  as  are  in  fact  very  different  from  those  that  have  hitherto  been  considered 
allowable.  We  must  closely  imitate  the  conditions  prevailing  at  the  average  surface 
of  the  ground;  that  is  to  say,  in  the  order  of  preference  the  exposure  would  be:  (1) 
the  pit  gauge;  (2)  the  protected  or  the  shielded  gauge  near  the  ground;  (3)  several 
protected  or  shielded  gauges  distributed  over  a  flat  roof;  (4)  the  shielded  gauge  on 
posts  considerably  elevated  above  slanting  roofe.  Moreover,  in  no  case  should  a 
single  gauge  be  relied  upon,  but  in  all  cases  at  least  two  similar  gauges  at  very  dif- 
ferent heights  should  be  observed.  From  the  records  of  these  two  "gauges  we  can 
compute  the  catch  of  the  normal  pit  gauge  by  the  formula  previously  given. 

As  this  formula  is  also  applicable  to  the  ordinary  and,  in  fact,  any  form  of  gauge,  we 
furthermore  see  that  an  approximate  correction,  needed  to  reduce  valuable  past  rec- 
ords to  the  normal  gauge,  may  now  be  determined,  if  these  old  gauges  are  still  being 
recorded,  by  at  once  establishing  near  them  two  or  more  similar  gauges  at  consid- 
erably different  heights;  from  the  records  of  all  these  gauges  for  the  next  few  years 
we  may  determine,  at  least  approximately,  a  correction  applicable  to  the  past  years 
of  historical  records.  Finally,  we  are  warned  against  attempting  to  draw  from  past 
records  conclusions  that  are  finer  than  the  data  will  justify. 


APPLICATION  TO   FORESTRY. 

To  this  presentation  of  the  rain-gauge  question  I  will  add  that  although  the  ideas 
here  given  may  not  be  altogether  new  to  those  especially  interested  in  rainfall,  yet 
their  application  to  the  special  precaution  of  establishing  rain  gauges  in  pairs  at  two 
different  altitudes  has  only  been  carried  out  by  Ebennayer  in  Bavaria,  and  more 
recently  by  Brandis  and  Blanford  in  the  forests  of  the  central  provinces  of  India,  but 
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I  do  not  know  that  the  formula  for  correction  has  aa  yet  been  used  by  them.  Blan- 
ford  placed  his  upper  gauges  at  the  height  of  60  feet,  t.  e,f  above  the  tree  tops,  and  the 
lower  ones  at  1  foot.  The  result  of  his  first  year's  observations  showed  that  the  high 
gauges  in  the  forests  gave  4  per  cent  more  rain  than  the  high  ones  in  the  open  fields, 
a  result  entirely  in  accordance  with  the  facts  and  views  we  have  already  presented; 
the  gauges  in  the  forests  were  at  a  height  above  the  average  tops  of  the  foliage  of  the 
trees,  decidedly  less  than  the  90  feet  by  which  the  gauges  in  the  open  lands  were 
elevated  above  the  ground,  therefore  the  high  forest  gauges  should  experience  leas 
wind  and  consequently  catch  more  rain  than  the  high  open  land  gauges,  while  the 
average  rainfall  for  the  whole  country  averages  the  same.  Again,  Blanford's  low 
gauge  gave  2  per  cent  greater  catch  in  the  forest  than  in  the  open  land,  a  result  also 
perfectly  accordant  with  our  views  (Met  Zeit.,  1888,  v,  p.  236)  and  serving  to  dissi- 
pate the  last  argument  in  favor  of  the  idea  that  forests  appreciably  increase  the 
rainfall  as  distinguished  from  the  catch  of  the  gauge. 


The  preceding  study  assumes  that  of  the  local  pairs  of  gauges  one  at  least  is  high 
enough  to  escape  spattering  from  the  ground,  and  this  is  easily  attained  in  ordinary 
rains,  but  in  the  case  of  drifting  snow  this  is  difficult,  and  I  will  present  my  conclu- 
sions as  to  the  correction  for  drift  and  spatter  at  some  future  time. 


Appendix  2. 


ANALYSIS  OF  THE  CAUSES  OF  RAINFALL  WITH  SPECIAL  RELATION 

TO  SURFACE  CONDITIONS. 


By  Georoe  E.  Ci'rtis. 


The  poBsibility  of  changing  the  amount  of  rainfall  by  human  agency  has  in  late 
years  received  a  great  deal  of  popular  attention,  and  an  undercurrent  of  hypothesis 
with  regard  to  it  has  gradually  set  in,  which  itself  has  stimulated  scientific  inquiry. 
The  question  has  been  directed  most  frequently  to  the  effect  of  forests  and  to  the 
epecial  inquiry  as  to  whether  forestation  increases  and  deforestation  decreases  the 
rainfall. 

In  this  inquiry  the  statistical  method  has  been  extensively  employed,  and  all  the 
existing  rainfall  data  bearing  upon  the  question  and  some  that  are  entirely  irrele- 
vant have  been  discussed.  Special  rainfall  observations  have  also  been  inaugurated 
for  the  purpose  of  determining  the  relation  of  forests  to  rainfall.  Without  giving  a 
r^um^  of  these  various  investigations  it  is  sufficient  to  state  that  no  definitive  con- 
clusion has  as  yet  been  derived  from  them.  The  one  conclusion  which  the  statistical 
results  seem  to  yield  is  that  if  forests  affect  the  rainfall  the  amount  of  effect  has  in 
most  cases  not  been  greater  than  the  amount  of  probable  error  in  the  observations 
themselves,  and  therefore  the  statistics  give  no  assurance  that  the  effect  is  not  an 
error  of  observation.  This,  however,  is  a  result  of  importance,  for  it  serves  to 
delimit,  for  the  regions  to  which  the  statistics  apply,  a  maximum  value  which  the 
supposed  effect  of  forests  has  not  exceeded.  This  maximum  value  is  in  most  cases  but 
a  small  fraction  of  the  total  rainfall,  an  amount  too  small  to  be  of  any  considerable 
bydrographic  or  economic  importance.  Another  reason  for  the  unsatisfactory  results 
of  the  statistical  investigations  is  that  they  have  seldom  been  combined  with  a 
rational  explanation  of  the  process  by  which  a  change  in  the  rainfall  may  be 
brought  about,  and,  consequently,  they  have  not  helped  to  clarify  the  misty  meteoro- 
logical conceptions  which  are  current  thereon.  To  do  this  is  the  object  of  this 
paper. 

If  in  any  region  the  rainfall  is  increased  by  a  forest  cover  it  must  y)e  brought  about 
either  (1)  by  an  increase  in  evaporation,  which  increase  must  be  precipitated  over 
the  same  region,  or  (2)  by  a  diversion  to  the  forest  area  of  rain  that  would  other- 
wise fall  in  some  other  locality. 

Let  us  now  analyze  the  causes  and  conditions  of  rainfall,  so  far  as  they  are  now 
understood,  and  see  if  the  results  will  not  materially  aid  us  in  determining  how  far 
and  in  what  cases  each  of  these  methods  of  increasing  the  rainfall  can  be  operative 
and  eflBcient.  I  say  in  what  cases,  for  one  of  the  most  important  objects  of  this 
analysis  will  be  to  make  clear  that  an  effect  that  obtains  in  one  climate  may  be  entirely 
absent  in  another.     Ideas  as  to  the  causes  of  rain  have  been  greatly  simplified  by 
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recent  studies,  and  many  different  conditions  that  are  generally  enumerated  by  the 
books  as  productive  of  rain  have  been  set  aside. 

The  following  quotation  from  a  recent  paper  by  Blanford  sets  forth  with  gi-eat 
clearness  the  opinions  that  meteorologists  are  now  adopting: 

'^  As  a  result  of  a  long  study  of  the  rainfall  of  India,  and  perhaps  no  country  affords 
greater  advantages  for  the  purpose,  I  have  become  convinced  that  dynamic  cooling, 
if  not  the  sole  cause  of  rain,  is  at  all  events  the  only  cause  of  any  importance,  and 
that  all  the  other  causes  so  frequently  appealed  to  in  popular  literature  on  the  sub- 
ject, such  as  the  intermingling  of  warm  and  cold  air,  contact  w^ith  cold  mountain 
slopes,  etc.,  are  either  inoperative  or  relatively  insignificant."     (Nature,  xxxix,  583. ) 

The  ascensional  movement  of  the  air  requisite  to  dynamic  cooling  may  be  brought 
about  by  three  different  processes:  (1)  by  convective  currents;  (2)  by  hills  and 
mountains;  (3)  by  cyclonic  circulation;  and  I  classify  rainfall  as  convective,  oro- 
graphic, or  cyclonic,  according  as  it  is  due  to  the  first,  second,  or  third  of  these 
causes  of  ascensional  movement.  Of  course  in  some  cases  all  of  these  may  be  opera- 
tive at  the  same  time,  but  for  the  purposes  of  analysis  they  will  be  separately  con- 
sidereil. 

In  a  region  of  purely  convectlre  rainfall,  the  circulation  is  primarily  vertical,  and 
the  moisture  evaporated  is  largely  precipitated  Ijefore  l)eing  carried  away  by  hori- 
zontal currents.  Therefore  an  increased  evaporation  will  be  followed  by  an  in- 
creased rainfall.  Consequently  any  change  in  surface  condition  which  increases  or 
diminishes  the  evaporation  will,  in  such  a  climate,  be  followed  by  a  corresponding 
increase  or  decrease  in  precipitation. 

In  the  case  of  orographic  rainfall,  currents  that  are  essentially  horizontal  are 
forced  to  become  locally  ascending.  The  moisture  evaporated  in  the  region  lying  in 
the  path  of  the  current  is  partially  or  entirely  pre^'ipitated  over  the  region  -^'here 
the  ascensional  movement  is  developed.  Consequently  an  increased  evaporation 
will,  to  a  greater  or  less  extent,  be  restored  to  the  l)asin  by  an  increased  precipita- 
tion. The  extent  to  which  this  will  take  place,  that  is,  the  proportion  of  the  in- 
crease of  moisture  that  will  be  returned  to  the  basin,  will  depend  on  the  extent  and 
height  of  the  mountains  and  the  relative  frequency  of  the  orographic  rain-bearing 
winds.  For  example,  if  these  winds  prevail  only  half  of  the  time,  only  half  of  an 
increase<i  evaporation  can,  in  general,  be  precipitated  as  orographic  rainfall.  It 
seems  quite  possible,  therefore,  with  observations  showing  the  amount  of  change  in 
the  evaporation  and  with  obeer\'ation8  of  the  relative  frequency  of  wind  direction, 
to  compute  with  considerable  closeness  a  maximum  value  w^hich  the  resulting 
change  in  rainfall  can  not  exceed. 

The  second  point  to  be  considered  with  respect  to  orographic  rainfall  is  whether  a 
forested  hill  or  mountain  can  originate  or  divert  to  itself  moisture-laden  currents 
which,  without  a  forest  cover,  would  not  exist  or  would  give  their  rain  to  other 
localities.  Mountains,  by  means  of  their  heate<l  surfaces,  develop  upward  currents, 
but  when  they  are  forest  covered  the  olwervations  presented  by  Mr.  Femow  in  this 
bulletin  show  that  the  air  is  less  heateii  than  when  the  surface  is  bare.  Forests 
w^ill,  therefore,  tend  to  diminish  rather  than  to  augment  the  diurnal  currents  which 
set  in  upward  toward  the  summit,  and  which,  by  djTiamic  cooling,  precipi- 
tate their  moisture.  Likewise,  there  is  lai^king  any  sufficient  reason  to  suppose  that 
lateral  currents  moving  in  some  other  direction  will  more  likely  be  deflectei  from 
their  course  and  diverted  toward  this  mountain  summit  l)ecause  it  is  covered  with 
forest  and  hence  relatively  cool. 

The  general  class  called  cyclonic  rainfall  includes  a  great  variety  of  rain  types 
related  to  a  cyclonic  circulation,  some  of  which  are  as  yet  })y  no  means  well  under- 

StOOil. 

In  the  ordinary  progressive  area  of  low  pressure  the  cyclonic  circulation  is  largely 
horizontal,  but  with  an  upward  component.  This  upward  component  produces  the 
usual  rainfall  of  our  cyclonic  storms.     In  these  storms  the  horizontal  component  of 
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the  firculation  is  so  large  that  the  moisture  evaporate<l  over  one  region  is  precipitated 
over  another.  Consetpiently  in  regions  where  rainfall  is  of  this  type,  an  increased 
evaporation  in  any  region  will  not  l^e  followe<l  by  an  increased  rainfall  in  that  same 
locality. 

In  local  thunder  storms  we  have  a  type  of  rain  related  to  a  cyclonic  circulation  in 
which  the  vertical  component  often  l.)ecomes  very  large,  as  compared  with  the  hor- 
izontal component.  This  predominating  vertical  component  is  due  to  convection  and 
the  accompanying  rainfall  is  to  Ihj  considered  as  partly  or  largely  convective.  Con- 
vection induces  and  initiates  a  cvclonic  circulation  which  may  continue  after  the 
direct  convective  action  has  ceased.  It  becomes  desirable,  therefore,  to  separate  the 
directly  convective  rainfall,  whose  amount  can  be  locally  increased  })y  increase  of 
evaporation,  from  the  cyclonic  rainfall  whose  amount  can  not  be  so  increased.  An 
approximate  separation  can  be  made  w'hen  the  diurnal  periodicity  of  rain  is  known; 
for  an  excess  of  rainfall  during  the  afternoon  hours  may  be  classed  as  convective. 

Secondly,  we  have  to  consider  the  question  as  to  whether  cyclonic  rainstonns  can 
be  deflected  from  one  course  to  another  by  difference  in  surface  conditions.  Evidently 
great  areas  of  low  pressure  can  not  be  affected  and  so  the  question  is  restricted  to 
local  cyclonic  storms  of  small  area.  With  respect  to  these  the  question  is  to  be 
answered  in  the  affirmative,  for  it  is  entirely  in  accord  with  physical  principles  to 
eappose  that  small  cyclonic  storms,  areas  of  clouds  and  disturbance  and  other  unset- 
tled masses  of  air  with  a  progressive  motion,  will  tend  to  follow  paths  of  high 
humidity  and  high  temperature,  lines  of  atmospheric  weakness  which  all  disturb- 
ances will  seek,  just  as  seismic  disturbances  follow  lines  of  weakness  in  the  earth's 
crust. 

AVhether  the  air  over  a  forested  area  as  compared  with  a  neighboring  unforested 
area  constitutes  such  a  preferable  storm  path  is  a  question  to  which  a  dogmatic  an- 
swer can  not  now  be  given.  As  shown  by  observation  the  aljsolute  humidity  is  in 
general  higher  over  the  forest  and  the  temperature  lower  than  over  atljacent  oi)en 
spaces.  These  are  apparently  conflicting  conditions — one  decreasing,  the  other  in- 
creasing the  relative  density  and  stability  of  the  forest  air.  It  seems  hardly  proba- 
ble that  the  resultant  will  have  any  quantitative  imjM>rtance.  However,  the  inves- 
tigation of  the  question  is  a  fruitful  direction  of  meteorological  inquiry. 

The  practical  point  here  to  be  emphasized  is  that  it  is  not  enough  to  say  that  the 
air  over  a  forest  is  more  humid  and  that  therefore  there  will  probably  be  more  rain- 
fall. The  increased  humidity  will  be  quite  ineffective  unless  this  moist  air  can  be 
cooled  dynamically  over  the  region  itself,  and  thus  condensed  and  precipitated. 
This  is  a  necessary  additional  condition,  and  the  evidence  that  this  will  occur  in 
any  relative  high  d^ree,  either  by  convection  currents  or  by  deflected  storm  paths 
is  yet  lacking. 

CLIMATIC   ILLlSTR.VnONS. 

The  equatorial  rain  belt  is  the  most  prominent  region  with  almost  exclusively 
convective  rainfall.  The  Brazilian  forest  region,  the  Aruwhimi  district  of  central 
Africa,  the  Malaysian  Archipelago,  and  the  valley  of  Upper  Asj>am  in  India  are  in  or 
near  this  belt.  They  have  light  winds,  and  the  moisture  evaporated  from  the  sur- 
face is  precipitateil  before  l)eing  carrie<l  to  any  considerable  distance  by  horizontal 
currents.  Under  these  conditions  an  increase  or  decrease  in  the  evaporation  will 
be  followe<l  by  an  increase  or  decrease  in  rainfall.  But  they  are  the  very  regions 
where  any  material  change  in  the  evaporation  appears  to  be  most  difficult  to  effect. 

The  evaporation  is  large.  Blanford  estimated  that  for  the  Aniwhimi  district 
probably  over  half  of  the  rainfall  is  due  to  the  direct  restoration  of  the  moisture 
evaporated.  The  surface  is  maintained  in  a  continual  state  of  saturation  and  evap- 
oration proceeds  uninterrupte<lly  at  a  nearly  uniform  rate.  How  Avill  deforestation 
affect  this  eva])oration?  In  the  fir^t  place,  a  cleared  surface  will  have  a  higher  tem- 
perature, and  the  winds  will  have  freer  play,  both  of  which  results  will  conduce  to 
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increaae  the  evaporation,  and,  consequently,  also  to  increase  the  rainfall.  The  wind 
effect,  however,  will  be  small  because  the  regions  under  consideration  are  in  the  belt 
of  calms.  On  the  other  hand,  if  deforestation  should  initially  induce  a  materially 
increased  run-off,  so  that  there  shoukl  be  left  much  less  water  to  evaporate,  the 
evaporation  would  be  diminished,  and  consequently  also  the  rainfall  would  be 
diminished;  and  when  the  rainfall  had  fallen  off  the  streams  would  fall  to  their 
previous  quantity  of  discharge.  We  have,  therefore,  a  possibility  of  two  opposite 
tendencies  acting  at  the  same  time — one  to  increase  the  rainfall,  the  other  to  decrease 
it.  The  question  as  to  which  will  preponderate,  and  to  what  extent,  is  apparently 
a  question  to  be  ascertained  for  each  separatee  district,  for  the  result  in  one  region 
may  be  quite  different  from  what  it  will  be  in  another.  Furthermore,  this  anal^'sis 
suggests  that  a  very  promising  method  of  investigating  the  effect  of  forestation  and 
deforestation  in  districts  of  convective  rainfall  appears  to  be  not  by  observations  of 
rainfall,  but  by  comparative  observations  of  the  discharge  of  the  streams.  Finally, 
in  the  equatorial  belt,  which  is  the  only  portion  of  the  world  having  an  almost  exclu- 
sively vertical  circulation,  the  rainfall  is  so  much  in  excess  of  the  needs  of  vegeta- 
tion that  its  possible  modification  has  not  the  same  economic  importance  as  in 
higher  latitudes.  There  is  no  motive  to  increase  it,  and  if  diminished  no  detriment 
would  result. 

Bordering  on  each  side  of  the  equatorial  belt  are  the  regions  of  the  trades,  which, 
over  the  ocean,  are  almost  rainless;  but  over  intercepting  land  areas,  such  as  Central 
America  and  the  Antilles,  considerable  rainfall  occurs.  This  is  frequently  difficult 
to  analyze,  but  it  is  largely  convective  and  in  hilly  r^ons  partly  orographic.  The 
seasonal  distribution  shows  that  the  rainfall  is  intimatelv  related  to  the  annual 
oscillation  of  the  limits  of  the  trade  wind,  and  that  the  rainy  season  requires  a  special 
explanation.  With  the  exception  of  the  well-known  tropical  cyclones  of  the  seas, 
the  distribution  of  pressure  over  the  trade  region  is  unfavorable  to  the  development 
of  a  cyclonic  circulation,  and  consequently  cyclonic  rainfall  is  seldom  presented.  It 
is  easily  seen  that  the  application  of  this  very  general  statement  to  the  question  of 
the  effect  of  surface  conditions  requires  us  to  consider  some  special  individual  local- 
ity. Let  us  take  the  island  of  Barbados.  This  island  is  21  miles  long,  14  miles 
across  its  widest  part,  and  lies  in  latitude  13°  N.,  longitude  69°  37'  W.  Its  interior 
is  hilly  and  rises  at  points  to  over  a  thousand  feet  in  height.  From  an  extended 
series  of  rainfall  records  carried  on  by  Governor  Rawson  the  average  rainfall  on  the 
coast  is  found  to  be  50  inches,  and  rising  64  inches  on  the  windward  side  and  in  the 
central  highlands.  During  three-fourths  of  the  year  the  northeast  trade  wind  pre- 
vails and  the  rain  comes  from  that  quarter.  In  October,  when  the  southern  limit 
of  the  trade  reaches  the  island,  the  wind  turns  to  the  west  and  the  heaviest  rains 
occur,  making  it  the  wet  season.  The  distribution  of  rain  over  the  island,  both  with 
the  trade  wind  and  the  west  wind,  shows  that  the  rainfall  is  partly  orographic,  but 
probably  the  largest  part  of  it  must  be  considered  as  convective.  On  account  of  the 
smallness  of  the  island  and  the  prevailing  fresh  winds,  practically  all  of  the  moisture 
thus  precipitated  on  the  island  comes  from  the  ocean,  and  the  moisture  evaporated 
from  the  island  itself  is  carried  away  to  sea.  When  the  island  was  covered  with 
forests  the  convective  action  of  the  island  could  not  have  been  greater  than  at  pres- 
ent, because  its  temperature  would  have  l)een  lower,  and  if  a  greater  evaporation 
took  place  there  no  appreciable  amount  of  the  additional  vapor  could  be  precipitated 
on  the  island  itself.  We  have  every  reason,  therefore,  to  conclude  that  destruction 
of  forests  or  any  other  surface  change  in  Barbados  is  powerless  to  sensibly  increase 
or  decrease  its  rainfall. 

Passing  from  the  region  of  trades,  we  reach  latitudes  favorable  to  cyclonic  de- 
velopment. Here  convective  and  cyclonic  action  are  frequently  combined.  In  the 
warmer  latitudes  and  in  the  summer  season,  the  equilibrium  of  the  atmosphere  be- 
comes unstable  and  convection  currents  are  set  up  which  induce  an  incipient  cy- 
clonic circulation.     Then  there  is  a  combine<l  convective  and  cyclonic  rainfall.     As 
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we  go  northward  the  direct  convective  feature  of  the  rainfall  becomes  less  promi- 
nent, and  the  purely  cyclonic  rainfall  predominates.  Over  the  whole  region 
orographic  rainfall  is  added  to  the  other  two  classes  when  hills  or  mountains  are 
situated  in  the  path  of  moisture-laden  currents.  With  this  general  statement  the 
farther  examination  of  the  effect  of  surface  conditions  on  the  rainfall  in  middle 
latitudes  must  be  applied  to  concrete  cases. 

In  the  United  States  the  Great  Plains  region  of  Kansas,  Nebraska,  and  the  Dakotas 
18  that  for  which  a  variation  in  rainfall  has  most  often  been  claimed  or  anticipated. 
Many  settlers  believe  that  the  so-called  "rain  belt"  is  moving  rapidly  westward 
with  the  extension  of  cultivation  and  settlement. 

The  single  condition  favorable  to  such  an  increase  of  rainfall  consists  in  the 
steadier  and  larger  evaporation  which  no  doubt  takes  place  over  the  cultivated  area, 
bat  the  other  conditions  necessary  to  condense  and  precipitate  this  moisture  over 
the  same  region  are  lai^gely  absent.  There  are  no  hills  or  mountains  to  produce 
orographic  rainfall,  and  without  these  barriers  the  high  winds  constantly  carry 
away  the  moisture  evaporated  from  the  surface  and  precipitate  it  far  to  the  east- 
ward. Hence,  not  only  is  the  increased  moisture  in  the  air  but  a  small  fraction  of 
the  total  rainfall,  but  also  only  a  small  portion  of  this  is  gathered  into  convective 
or  cyclonic  currents  and  restored  again  by  them  to  the  prairie  soil.  Evidently  a 
small  amount  must  be  thus  restored  in  every  summer  rain  and  the  total  rainfall 
increased  thereby,  but  quantitatively  this  must  be  very  small. 

There  is  one  region  deficient  in  rainfall  and  water  supply  for  which  claims  in 
behalf  of  an  actual  or  possible  increase  of  rainfall  due  to  human  agency  are  less  often 
made,  but  which  the  preceding  analysis  leads  me  to  believe  would  not  be  unreason- 
able to  anticipate.  I  refer  to  the  San  Joaquin  Valley  of  California.  This  valley  is 
flanked  by  the  Coast  Range  on  the  west  and  by  the  Sierras  on  the  east.  The  mois- 
ture evaporated  from  the  surface  can  not  escape  from  the  basin,  but  will  be  largely 
precipitated  either  over  the  valley  or  on  the  sides  of  the  adjacent  mountains  which 
constitute  its  watershed.  If,  therefore,  the  increase  in  irrigation  and  in  the  extent 
of  cultivated  area  produces  a  material  increase  in  the  evaporation,  it  seems  reason- 
able to  expect  that  this  moisture  will  be  restored  by  an  increased  rainfall  in  the 
valley  and  on  the  adjacent  mountain  sides.  One  consideration  only  would  appear 
to  retard  and  diminish  this  effect.  The  inclosure  of  the  valley  prevents  that  rapid 
indraft  of  air  which  renders  possible  a  rapid  vertical  circulation.  Thus  the  ac- 
tivity of  the  whole  process  is  rendered  sluggish  and  the  total  amount  of  moisture 
passing  through  the  cycle  from  evaporation  to  rainfall  is  smaller  than  with  a  more 
rapid  circulation. 

In  the  manner  here  outlined  the  possibility  of  a  variation  of  rainfall  may  be 
investigated  for  any  region,  and  with  sufficient  meteorological  data  even  quanti- 
tative values  may  be  computed.  The  general  result  indicated  by  the  analysis  of 
the  physical  processes  involved  as  well  as  by  the  statistical  data  so  far  collected  is 
that  the  maigin  of  such  possible  change  is  very  small.  In  most  c&ses  it  can  not 
exceed  a  small  per  cent,  and  in  other  cases  it  can  not  occur  at  all.  It  appears,  there- 
fore that  in  the  estimation  of  the  inijK)rtance  and  value  of  forests  a  dispropor- 
tionate and  undue  amount  of  emphasis  has  been  popularly  given  to  such  an  influence. 
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Swedish  observations,  84. 

conclusions  regarding  temperatures  within 
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rain  caught  under  trees  and  in  the  open  fields, 
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run-off,  influenced  by  topography,  148. 

water  capacity  of  80lls,  144. 

of  litters,  147. 

water  conductivity  of  soils,  filtration,  148. 

influence  of  grass  cover  upon  flltration,  150. 

of  other  covers,  161. 

of  snow,  roots  of  trees,  152. 

of  geological  stratification,  formation  of 

springs,  conditions  affecting  their  flow,  158. 
influence  of  forests  upon  surface  drainage,  157. 
retardation  of  water  flow,  158. 
French  Alps  experience,  159. 
Mississippi  bad  lands,  159. 
influence  of  forests  on  water  flow,  examples 

of,  162. 
effect  of  removal  of  forests  in  the  Adirondac 

region,  166. 
in  the  basin  of  the  Schuylkill,  166. 
in  New  Hampshire,  167. 
in  other  States,  168. 

Moisture,  quantity  of: 

returned  into  the  atmosphere  from  a  forest  by 
transpiration  and  evaporation  from  trees 
and  soil,  16.    {See  Humidity.) 
MUttrich,  Dr.,  influence  of  growing  forests  upon 

rainfall,  113. 
Nancy,  France,  results  of  observations  on  influ- 
ence of  forests  upon  precipitation,  108, 112, 126. 
Obser\'aiion8  on  forest  metcorolog}*:  France,  27, 
108,  111,  126;  Germany,  80,  40,  51,  61,  96, 107, 113, 
134, 146, 149;  Sweden,  31;  Austria,  88. 
Parks,  city,  value  of,  173. 
Plains,  temperature  in,  88. 

Precipitation: 

over  wooded  and  treeless  districts,  111. 

Dr.  Lorey's  table,  113. 

influence  of  forests  upon,  125. 

result  of  observations  in  Bohemia,  126. 

results  of  observations  near  Nancy,  France, 
126.   i 

results  of  observations  in  India  and  Brazil, 
128. 

supposed  influence  of  forests  upon  hailstorms, 
121, 129. 

determination  of  the  true  amount  of  precipi- 
tation and  its  bearing  on  theories  of  forest 
influences,  175. 
Rain,  not  the  most  sntisfactory  form  of  water  avail- 
able for  human  use,  12. 

Rainfall: 

in,  above,  and  near  forests,  106. 

Beoquerel's  observations,  HI. 

measurements,  relations  of  pattern  and  alti- 
tude of  gauge  to  accuracy  of,  176. 

variations  in  geographical  distribution  of,  182. 

chronological  variations  of,  184. 

analysis  of  the  causes  of,  with  special  relation 
to  surface  conditions,  187. 

Rain-gauge: 

elimination  of  errors  of  the,  180. 
instrumental  methods,  180. 
observational  methods,  181. 

Sanitary  Influence  of  forests: 

in  production  of  oxygen  and  ozone,  21. 
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by  protection  against  sun  and  wind,  21. 

by  unfavorable  effect  upon  microbes,  21. 

notes  on,  171. 
Snow: 

influence  of  forests  on  melting  of,  20, 152. 

influence  on  climate  and  weather,  23. 

influence  on  percolation  and  drainage,  152. 
Soil  conditions,  influence  of  forests  upon,  20,  40. 
Soil  temperatures,  14,  40. 

differences  of,  87.    {See  Temperature. ) 
Springs,  their  formation  and  conditions  affecting 

their  flow,  158. 
Storms,  forests,  wind,  and,  118. 
Summary  of  conclusions  as  to  forest  Influences, 

18. 
Sweden: 

results  of  observations  on  forest  meteorology 
by  Dr.  H.  £.  Hamberg,  31,  84. 
Temperatures,  air: 

under,  within,  and  above  tree  crowns,  14,  Gl. 

in  woods,  glades,  and  plains,  15,  83. 

in  neighboring  forest  and  open  fleld  stations, 
19.  51. 

monthly  range,  Qerman  observations,  58. 

in  deciduous  and  evergreen  forests,  58. 

in  tree  crowns  and  above  trees  compared  with 
open  fields,  61. 

gradients,  68. 

above  forests  and  near  ground,  difference  be- 
tween evergreen  and  deciduous  trees,  70. 

differences  between  tree  and  air,  74. 

relation  to  transpiration,  76. 

theoretical  calculation  of  heat  absorption,  80. 

conclusions  regarding  temperatures  within 
and  without  forests,  88. 

temperatures  in  wooded  and  treeless  territo- 
ries, 89. 

Dr.  WoeikofTs  conclusions,  91. 

temperatures  near  parallels  of  latitude,  92. 
Temperatures,  soil: 

in  forests  and  open  flelds,  40. 

mean  annual  differences,  tables  of,  41, 44,  45. 

comparison  of  effect  of  evergreen  and  decidu- 
ous trees  on,  47. 

influence  of  elevation,  48. 

effects  of  litter,  43,  49. 

difference  under  sod  and  bare  surface,  60. 

differences  inside  and  outside  of  a  forest,  50. 

temperatures,  tree,  Geneva  observations,  72. 
Torrents  in  the  French  Alps,  159. 
Transpiration: 

moisture  returned  to  atmosphere  by,  16, 19. 

its  relation  to  temperature.  76. 

to  evaporation,  77. 

influence  of  light  on.  77. 

amount  of,  with  different  plants,  78^ 

amount  transpired  by  evergreen  and  decida> 
ous  trees  and  various  species  compared,  79. 

variation  from  day  to  day  and  with  the  sea- 
sons, 80. 

heat  absorbed  in,  81. 

amount  of  water  in  trees,  136. 
Trees: 

temperature  in  the  tree  crown  and  above 
trees,  61. 
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temperature  of  Geneva  observations,  72. 
difference  of  temperature  between  trees  and 
air,  74. 

{See  alifo  Temperature,  Transpiration,  and 
Evaporation.) 
condenjiers  of  aqueous  vapor,  dew,  and  hoar 

f  ro«t,  121,  r24, 
inierception  of  rainfall  by,  130. 
amount  of  water  in,  136. 
Vegetation:  . 
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effects  of  absorption  on  climate,  76, 77, 78. 
effects  on  air  temperature,  76. 
table  showing  estimated  amount  of  trans- 
piration, evaporation,  and  precipitation  of 
various  plants.  7S. 
theoretical  calculation  of  heat  absorbed!  by, 
80. 
Vines.  Dr.,  table  showing  effects  of  sunlight  on 

transpiration  of  plants,  77. 
Water: 

amount  caught  by  rain  gauges,  17. 
evaporation  affecting  air  temperatures,  81. 
Waters,  terrestrial,  distribution  of,  141. 
Water  conditions,  influence  of  forests  upon,  20. 
Water  capacity  and  conductivity  of  soils  and  soil- 
covers,  140, 144. 
Water  flow,  influence  of  forests  upon,  examples, 

158. 
Water  management,  its  connection  with  forest 
management,  12. 


Water  supply: 
the  total,  123. 

influence  of  forests  upon  the  disposition  of,130. 
interception,  130. 
evaporation,  132. 
transpiration,  136. 
elements  of  consen-ation,  137. 
effects  of  forest  in  the  case  of  snow,  137. 
general  effect  of  forests  in  reducing  evapora- 
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summation  of  the  conservative  and  dissipa- 

tive  influences,  140. 
formation  of  springs  and  conditions  affecting 
their  flow,  153. 
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Weather,  clear  and  cloudy,  effects  on  temperature 

in  glades  and  plains,  87. 
Wind  and  storms,  protection  affordwl  by  forests, 

118. 
Windbreaks,  effects  of,  upon  crops,  118, 134. 
Woeikoff,  Dr.: 

on  influence  of  snow-covering  on  climate, 23. 
tempeniture,  in  woodtnl  and  treeless  terri- 
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on  parallels  of  latitude,  92. 
influence  of  forests  on  rainfalls,  115. 
Wood,  as  a  conductor  of  heat,  74. 
Woods,  temperatures  in,  83. 

{Ser  oho  Temperature.) 
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Wooded  territories,  temperatures  in,  87. 


o 


e-A 


U.  S.  DEPARTMENT  OF  AGRICULTURL 

FARMERS'    BULLETIN    Noo  20. 


\A^ASHED  SOILS: 


How  to  Prevent  and  Reclaim  Them, 


PUBLISHED  BV  AUTHORITY  OF  THE  SECRETARY  OF  AGRlCULTVRBo 


WASH  IN  (IT  ON: 

GOVERNMENT     PRINTING    OFFICE, 

I  8q4. 


LETTER  OF  TRANSMITTAL 


tr.  S.  DEPABTMENT  op  AaBICULTUEE, 

OpPIGE  op  the  ASSISTAT7T  SeGBETABY, 

Washington^  D.  C,  October  ^,  1894. 
SiB:  In  acoordanoe  with  yoor  direction  I  have  the  honor  to  transmit 
herewith  for  publication  a  bulletin  upon  ^^ Washed  soils:  How  to  pre- 
vent and  reclaim  them/'  prepared  under  my  direction,  by  the  Divisions 
of  Chemistry,  Soils,  Forestry,  and  Botany,  for  one  of  the  series  of  Farm- 
ers' Bulletins  of  this  Department. 

Thousands  of  acres  of  land  in  this  country  are  abandoned  every  year 
because  the  surface  has  been  washed  and  gullied  beyond  the  possibil- 
ity of  profitable  cultivation.  It  is  believed  that  the  present  bulletin, 
and  the  simple  facts  therein  presented  as  to  how  this  erosion,  or  wash- 
ing, may  be  prevented,  and  how  washed  and  abandoned  lands  may  be 
reclaimed,  will  serve  a  useful  purpose  in  the  hands  of  those  farmers 
who  have  these  trying  problems  to  contend  with. 
Very  respectfully, 

Chas.  W.  Dabnet,  Jb., 

Assistant  Secretaryo 
.  Hon.  J.  Steeling  Mobton, 

Secretary  of  Agriculture, 

3 


CONTENTS. 


Page. 

The  eroeioD^  or  washing,  of  ag^icnltnral  lands 7 

Chemical  relations  of  the  soil  to  surface  washing 9 

Organic  matter  and  humus  diminish  erosion 9 

Lime  renders  a  soil  less  liable  to  wash 10 

Washing  of  lands  may  he  prevented  by  methods  of  cultivation  and  under- 

drainage 11 

Deep  plowing  diminishes  surface  washing 11 

The  soils  should  be  kept  covered  with  vegetation 11 

Tile  drains  diminish  surface  washing 11 

Side- hill  ditches 12 

Terracing 13 

Recovering  gullied  hillsides  by  reforestation 14 

The  different  ways  in  which  a  forest  covering  protects  the  soil  from  wash- 
ing    14 

Recovery  of  washed  soils 15 

Amount  of  this  work  being  done  in  France 15 

Where  forests  should  always  be  maintained 15 

Preparation  for  planting  forests 16 

Cultivation  is  advisable  where  possible 16 

Use  of  brush  dams  to  protect  young  trees .♦.  16 

Methods  of  constructing  brush  dams  in  France 16 

Planting 17 

Advisability  of  sowing  tree  seeds  in  stubble 17 

Best  varieties  of  trees  to  be  used 18 

How  the  tree  seeds  should  be  gathered  and  preserved 18 

Planting  of  seedlings  or  cuttings 18 

Propagation  of  trees  by  layering 20 

Grasses  and  similar  vegetation  prevent  washing  and  erosion  of  agricultural 

lands 20 

Effect  of  turf  in  preventing  erosion „ 20 

Varieties  of  grasses  adapted  to  this  work 21 

5 


WASHED  SOILS:  HOW  TO  PREVENT  AND  RECLAIM  THEM. 


THE  EBOSION,  OB  WASHINa,  OF  AOBIGULTUBAIi  SOILS. 

The  denudation,  or  washing,  of  lands  of  the  higher  levels  of  the 
earth's  surface  is  a  process  which  no  human  precaution  can  wholly  pre- 
vent. It  has  heen  one  of  the  most  important  forces  and  factors  in  the 
geological  changes  which  have  so  modified  the  surface  of  the  earth. 
The  present  surface  of  the  largest  portion  of  the  United  States  is 
made  up  of  this  "sedimentary'^  or  "drift''  material  which  has  been 
moved  from  the  place  where  it  was  formed  through  the  disintegration 
and  decay  of  the  old  crystalline  rocks,  by  water,  wind,  or  moving  ice, 
and  which  has  accumulated  to  a  depth  of  hundreds  or  thousands  of 
feet  over  nearly  the  entire  surface  of  the  country.  It  is  estimated  that 
the  general  surface  of  the  land  in  the  area  of  the  crystalline  rocks  of  the 
Piedmont  Plateau  has  been  lowered  at  least  2,000  feet  by  this  contin- 
ual washing.  This  vast  amount  of  material  has  been  slowly  removed 
and  dex)osited  elsewhere  by  the  very  same  agents  which  we  are  con- 
tending with  to-day  in  our  gullied  fields;  for  this  denudation,  or  ero- 
sion, is  still  going  on,  as  it  has  been  for  ages  past. 

As  a  rule  this  denudation  is  exceedingly  slow  and  the  general  level 
of  large  tracts  of  country  is  not  lowered  more  than  an  inch  or  two  in  a 
hundred  years.  Where  the  change  is  as  slow  as  this  it  is  undoubtedly 
of  benefit  to  the  human  race,  as  in  the  course  of  time  it  must  carry  off 
the  soil  which  has  been  used  over  and  over  again  for  vegetation  and 
expose  fresh  material  to  the  roots  of  plants.  With  this  slow  change 
the  natural  forces  are  amply  sufiicient  for  the  decay  of  the  subsoil  and 
for  the  conversion  of  this  freshly  exposed  material  into  a  good  soil. 
When  the  rate  of  denudation  is  excessive,  however,  and  more  rapid 
than  the  natural  decay  of  the  subsoil  material  which  is  exposed,  it 
may  work  serious  injury  to  agricultural  lands. 

Along  the  banks  of  the  Ohio  Eiver  and  in  very  many  portions  of  the 
South  hundreds  of  fields  that  were  once  covered  with  sturdy  forests  of 
oak,  maple,  walnut,  and  pine,  and  which  bore  under  cultivation,  after 
being  cleared  of  the  natural  growth,  large  crops  of  wheat,  maize, 
tobacco,  and  cotton,  may  now  be  seen  furrowed  with  gullies  as  with 
the  wrinkles  of  age,  and  abandoned  to  brush  and  briers. 


A  sarface  layer  of  good  agricaltnral  soil  C  iucbes  deep  resulting  from 
tLe  slow  and  gradual  disintegration  and  decay  of  rocks  and  accnuinla- 
tion  of  hamns  may.bave  required  hundreds  of  years  for  its  uatiiral 
foiination,  and  yet  it  is  liable  to  be  washed  away  in  a  single  stomi. 

This  excessive  erosion,  or  washing,  of  lands  may  be  prevented,  and 
the  already  gullied  fields  may  be  recovered,  and  steep  slopes  of  loose 
material  may  be  held  and  prevented  from  washing — 

{1)  By  chemical  means,  in  the  application  of  manures  and  fertilizers 
aud  in  the  accumulation  of  organic  matter,  which  change  the  texture  of 
the  soil  and  make  it  more  ])orous  and  more  absorbent  of  water,  so  that 
there  is  less  to  run  off  over  the  surface. 


{3)  liy  means  of  ciilliralinn  and  vnilerilrainaffe,  which  prevent  ero- 
sion by  distributing  the  surfa<'e  flow  over  the  ground  aud  increase 
the  amount  carrie<l  off  by  underdrainage, 

(5)  By  re/orcntation,  or  the  planting  of  trees,  which  iu^t  mechanically 
to  prevent  washing. 

(')  By  gram  and  aimilar  regeittlinu.  \\\m\i  bind  the  soil  grains  antl 
prevent  their  washing  away. 

The  erosion  of  a  soil  is  caused  by  the  wearing  nf  the  rain  and  snow 
waters  which  <'an  not  penetrate  into  the  soil  fast  eriouj;h  tu  be  carried 
away  by  underd  rain  age,  and  which,  by  reason  of  the  slojie  or  cont<iur 
of  the  land,  run  off  ovei'  the  surfnce.  i-iurying  along  jiarticles  of  sand 
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and  clay.  When  this  vater  aocnmiilates  in  a  dc-preBsicu  in  the  field 
the  force  of  the  torrent  may  be  sufficient  to  cut  out  a  great  gaily  in  a 
Khort  space  of  tim6. 

The  exteut  of  washing  to  which  the  soil  is  exposed  depends  upon  tlie 
quantity  of  rainfall  in  a  giveu  time,  the  8loi>e  or  contour  of  the  surfiue, 
the  t«xtur©  of  the  soil,  the  vegetative  covering  of  the  surface,  and  the 
kind  and  conditioD  of  cultivation.  A  soil  composed  chiefly  of  moder- 
ately coarse  grains  of  sand,  and  having  good  nnderdrainage,  'will 
ahsorb  the  heaviest  rainfall  without  maeh  danger  of  surface  e 


Flo.  Z.—AUDtherclfect  nferoBlon. 

A  clay  soil,  on  the  other  hand,  into  whit-h  the  wattT  t-iui  not  percolate 
witli  anything  like  the  rapidity  of  tin-  prci^ipitiition,  will  be  washed  and 
gullied  by  the  torrent  of  water  wbicli  must  flow  over  the  surface. 

CllBMinAL   EBLATIONS   OF   THI';   KUIL   TO    f^URFACE   WASHING. 

Xt  Ijus  been  reiieatcdly  shown  by  experiments  and  by  tlie  experiences 
of  f  iriners  that  a  soil,  as  a  rule,  absorbs  water  more  readily  as  the  con- 
tun  t  of  organic  mMterand  of  humus  increases.  Surface  erosion  can, 
therefore,  be  largely  prevented  liy  such  a  system  of  cultivation  and 
rrii|iping  as  will  introduce  as  large  a  quantity  of  organic  matter  into 
iLe  soil  as  possible.    A  very  old  method  of  recovering  washed  andgul- 


10 

lied  lands  is  to  place  straw  in  the  fiirrows  while  plowing,  the  straw  not 
only  acting  mechanically  to  hold  tie  soil  in  place  and  prevent  surface 
erosion,  bnt  also  in  a  very  efficient  way  to  increase  the  quantity  of 
humus,  thus  making  the  soil  hold  large  quantities  of  water  which 
otherwise  would  have  passed  off  over  the  surface.  In  this  simple  way 
fields  which  have  been  badly  washed  and  gullied  and  entirely  aban- 
doned may  be  recovered  and  made  highly  productive. 

The  most  imi)ortant  thing  in  the  recovery  of  waste  fields  is  the 
incorporation  of  organic  matter  of  some  kind  in  the  soil;  pea  vines, 
stubble,  briers,  or  leaves  from  the  forest  may  be  used  as  a  source  of  the 
organic  matter.  The  straw  from  one  acre  of  land  which  has  been  recov- 
ered, as  mentioned  above,  will  be  sufficient  to  start  the  recovery  of 
another  acre,  even  if  this  be  deeply  furrowed  with  gullies.  Where 
enough  organic  matter  can  be  used  as  a  surface  dressing,  this  layer 
helps  greatly  to  retain  water  and  to  make  the  underlying  soil  more 
absorbent. 

As  soon  as  a  sufficient  supply  of  humus  has  been  accumulated 
and  the  lands  are  brought  up  to  an  adequate  condition  of  fertility, 
clover  or  grass  should  be  seeded,  if  the  land  is  at  all  suited  to  these 
crops,  or  rye,  oats,  or  field  peas  should  be  sown  to  help  hold  the  sur- 
face. Little  by  little,  but  more  rapidly  than  would  be  expected  from 
the  forbidding  aspect  of  the  field,  the  land  can  be  reclaimed  again  and 
made  productive  through  the  accumulation  of  humus  and  organic  mat- 
ter. A  soil  containing  a  fair  quantity  of  humus  will  wash  less  readily 
than  one  nearly  destitute  of  this  matter. 

A  soil  containing  a  fair  supply  of  lime  is  much  less  liable  to  wash 
than  one  similarly  situated  and  exposed  which  is  deficient  in  lime. 
The  reason  of  this  is  that  clays  which  are  deficient  in  lime,  when  once 
brought  into  suspension  by  moving  waters,  will  remain  in  suspension 
and  keep  the  water  turbid  for  a  long  time.  Clays  which  are  heavily 
impregnated  with  lime  salts,  on  the  other  hand,  are  in  a  flocculated 
state,  the  fine  grains  of  clay  being  held  together  and  in  contact  with 
the  larger  grains  of  sand.  This  flocculated  mass  quickly  settles  and  is 
originally  not  so  easily  disturbed  and  carried  oft  by  moving  water.  A 
field  treated  with  an  abundance  of  lime  is  thus  less  easily  washed  by 
heavy  rains.  The  results  of  investigations  by  Schulze,  Schloesing,  and 
Hilgard  have  shown  in  a  most  emphatic  way  the  beneficial  changes 
which  take  place,  especially  in  stiff  clay  soils,  bytheapplicationofjime. 

The  change  in  the  physical  condition  of  the  soil  which  is  produced 
by  the  lime,  and  which  is  likewise  produced  by  a  number  of  other 
chemicals  ordinarily  used  in  commercial  fertilizers,  is  another  impor- 
tant factor  worthy  of  consideration.  A  stift*  clay  soil  is  practically 
impervious  to  the  penetration  of  surface  water  when  it  is  delivered  in 
such  torrents  as  we  are  liable  to  have  in  our  summer  storms.  A  well- 
limed  soil,  on  the  contrary,  although  it  may  contain  as  much  clay  but 
in  which  the  particles  are  flocculated  or  drawn  together,  is  much  more 
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pervions  to  water,  and  the  amount  of  water  which  the  soil  will  carry 
down  through  underdrainagf^  is  increased,  and  the  excess  which  has 
to  flow  off  over  the  surface  is  diminished.  The  surface  washing  of  cul- 
tivated fields,  especially  those  which  are  naturally  deficient  in  lime,  can 
be  greatly  diminished,  therefore,  by  the  free  application  of  this  sub- 
stance to  them. 

A  number  of  the  ordinary  fertilizing  materials  have  an  important 
effect  upon  the  texture  of  soils  and  upon  the  permeability  of  soils  to 
water,  but  few  systematic  investigations  have  been  carried  on  in  this 
line  and  not  much,  except  of  local  importance,  has  been  definitely  set- 
tled by  experiments  or  by  the  experiences  of  farmers. 

WASHING  OP  LANDS  MAY   BE   PREVENTED  BY  METHODS  OF  CULTIVA- 
TION  AND   UNDEEDEAINAGE. 

Tbe  depth  and  character  of  the  tillage  are  very  important  factors  in 
the  washing  of  lands.  A  field  in  a  condition  of  fine  tilth  and  plowed 
to  a  ilepth  of  10  inches  will  hold  2  inches  of  rainfall  and  absorb  it  very 
readily,  and  a  soil  in  such  a  condition  will  suffer  no  surface  washing 
from  any  ordinary  rainfall.  Where  it  is  possible,  therefore,  land  which 
is  apt  to  wash  should  have  the  soil  gradually  deepened  and  be  kept  in 
a  fine  state  of  tilth  so  as  to  increase  the  storage  capacity  for  excessive 
precipitations.  This  will  not  only  save  the  surface  from  being  washed 
and  gullied,  but  it  will  also  increase  the  store  of  moisture  held  by  the 
soil,  which  is  of  very  great  value  in  the  time  of  drought. 

It  is  important  also  for  this,  as  for  other  reasons,  that  the  soil  be  covered 
with  vegetation  as  much  as  possible  throughout  the  year,  as  the  roots 
and  organic  matter  serve  to  bind  the  grains  of  the  soil  together.  In 
some  parts  of  Holland  the  drifting  sands  of  the  coast,  which  shift  their 
position  with  every  storni,  often  cover  up  valuable  farming  lauds. 
Vast  areas  of  these  sands  have  been  reclaimed  and  made  productive  by 
being  covered  with  vegetation,  while  the  roots  and  remains  of  organic 
matter  hold  the  soil  grains  in  place  and  prevent  them  from  drifting  and 
covering  up  more  valuable  lands.  Any  crop  which  requires  very  clean  cul- 
ture, as  for  example,  cotton,  is  exhausting  to  the  land  for  the  reason  that 
constant  exposure  of  the  surface  to  the  sun  and  storms  uses  up  the 
organic  matter,  makes  the  soil  less  porous,  and  the  soil  particles  them- 
selves are  more  easily  washed  away ;  so  that,  this  clean  cultivation  is 
in  ltd  effects  very  favorable  to  excessive  erosion.  With  crops  which 
require  such  clean  cultivation  it  is  very  advantageous  to  sow  some  crop 
like  rye  in  the  field  during  the  last  working  of  the  crop  both  to  bind 
the  surface  and  protect  it  from  washing  in  the  winter  and  for  other 
benefits  which  such  a  covering  provides. 

Another  very  effective  method,  when  properly  carried  out,  to  prevent 
the  washing  of  lands  is  to  underdrain  the  soil  with  tile  or  other 
drains.  These  drains  carry  off'  quite  rapidly  an  excess  of  moisture,  so 
that  much  more  of  the  rainfall  is  absorbed  by  the  soil  and  carried  off 
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tLrongh  tbe  drains  and  less  washes  over  the  surface  of  the  land.  Not 
ouly  this,  but  a  well-underdraiued  field  is  usaally  dryer  and  more 
porous,  and  has  a  greater  capacity  for  absorbing  the  excessive  rainfall 
and  thus  preventing  surface  washing.  A  field  thoroughly  underdrained 
with  tile  drains  will  carry  off  the  water  of  any  ordinary  rainfall  with- 
out any  surface  erosion.  This  method  is  very  efiective,  but  is  like- 
wise very  expensive,  and  can  not  be  used  economically  in  extensive 
farming  solely  for  this  purpose  of  protecting  the  land  from  washing. 

While  the  land  may  thus  be  made  more  porous  and  more  absorbent 
of  water — through  the  increase  of  the  amount  of  organic  matter  or  of 
humus,  through  the  use  of  lime  and  other  fertilizing  material,  through 
the  deepening  of  tbe  soil  by  gradually  increasing  the  depth  of  culti- 
vation, by  so  cropping  it  that  it  shall  be  covered  with  vegetation  as 
much  of  the  year  as  possible,  and  by  underdraining  the  land — still, 
^hese  methods  may  not  be  sufiicient  to  so  change  the  chemical  and 
physical  texture  of  tbe  soil  as  to  enable  it  to  absorb  tbe  rain  as  it  falls 
and  to  prevent  an  excess  of  water  washing  and  eroding  the  surface 
wbere  tbe  contour  of  the  land  is  such  as  to  promote  erosion  from  the 
surface  flow  of  tbe  excess  of  water. 

It  will  be  necessary  in  this  case  to  provide  for  a  more  uniform  distri. 
bution  of  tbe  flow  over  the  surface,  and  to  prevent  any  accumulation 
of  water  which  would  have  tbe  eff'ect  of  a  torrential  stream.  This  is 
secured  in  a  great  measure  by  laying  off'  the  rows  according  to  the 
contour  of  tbe  surface,  so  tbat  each  row  will  have  a  very  slight  incline 
of  not  more  than  from  1  to  6  inches  in  100  feet,  and  in  which  tbe  flow 
of  water  would  be  so  slow  tbat  there  would  be  little  or  no  erosion. 
Tbeoretically,  this  is  a  fine  idea,  to  let  each  row  carry  off  its  own  pro- 
portion of  tbe  excess  of  rainfall  so  gently  tbat  there  shall  be  no  erosion, 
thus  acting  as  a  minature  drain.  Practically,  however,  it  is  often 
impossible  to  keep  tbese  rows  from  breaking  through,  and  when  the 
bed  is  once  broken  and  tbe  water  overflows  into  tbe  next  row  the 
accumulation  of  water  is  sufficient  to  break  down  bed  after  bed  until 
the  rows  from  all  tbe  field  are  discharging  into  this  narrow  channel. 

To  overcome  this  difficulty  sidebill  ditches  may  be  used  in  which 
larger  and  more  substantial  ditches  are  provided,  following  very  nearly 
the  contour  of  the  field,  so  that  there  shall  be  a  fall  of  from  1  to  6 
inches  in  100  feet.  The  distance  apart  of  the  ditches  will  depend 
upon  the  slope  of  the  field;  with  a  very  steep  slope  they  should  be 
close  together,  often  not  over  6  to  10  feet  apart;  with  a  gentle  slope 
they  should  be  at  intervals  of  15  or  20  feet,  or  even  farther  apart, 
dei)ending  upon  the  texture  of  the  soil  and  the  contour  of  the  surface. 

These  sidebill  ditches  are  very  easily  constructed,  being  made 
almost  entirely  with  tbe  plow.  A  bank  is  formed  by  running  a 
number  of  furrows,  throwing  tbe  dirt  toward  tbe  middle.  Tbe  last 
furrow  on  the  upper  side  is  cleaned  out  with  a  spade  to  form  tbe 
bottom  of  the  ditch.     If  tbe  plow  is  well  bandied  it  takes  very  little 
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«ror&  with  tbe  spade  to  make  a  very  Babstantial  dittih.  It  is  well  to 
get  tbe  bank  forming  the  lower  side  of  tbe  ditcb  sodded  with  grass  to 
help  hold  it  and  to  lessen  the  danger  of  its  giviog  way  duriug  a  heavy 
rainfall.  When  the  slope  is  thus  protected  with  a  number  of  ditches 
at  the  proper  distance  apart,  the  rows  can  be  given  a  rather  stee|»er 
fall  so  that  they  shall  run  out  into  the  drains  at  ireqaent  intervals  and 
Dot  have  to  carry  tbe  water  so  far.  These  ditcties  have  to  be  con- 
strncted  with  care  and  have  to  be  strengthened  where  they  cross  any 
depression  or  sodden  curve  by  baildiug  ap  an  embanliment  with 
sticks  and  bmah  thrown  across  to  sopportthe  embankment.  Unless 
these  ditches  are  thoronghly  constructed  they  are  worse  than  useless, 
Ibr  if  they  break  they  concentrate  a  volume  of  water  upon  one  point 
in  the  field  which  would  otherwise  have  been  distributed  over  the  sur- 
&ce,  and  this  often  forms  a  torrent  which  does  great  damage. 


Fig.  3.— SbowlDg  ooDatmcttoD  of  *ldeblll  ditches. 

It  is  essential  that  these  ditches  and  rows  be  run  according  to  the 
contour  of  the  surfa«;e  of  the  land,  and  that  there  shall  be  no  low  places 
where  the  water  would  accumulate  and  gather  force.  They  should 
always  be  run  with  a  level,'  of  which  there  are  several  forms  on  the 
market  suitable  for  this  work. 

A  more  efficient,  but  at  the  same  time  much  more  expensive,  method 
of  preventing  the  washing  of  lands  where  there  is  a  considerable  slope, 
is  to  terrace  the  fields  so  that  there  shall  be  level  steps  upon  which  the 
water  can  rest  for  a  while  and  be  absorbed.  In  terracing  the  hues  are 
run  with  a  spirit  level  following  the  contour  of  the  surface  so  as  to  give 
a  perfectly  level  line.  A  furrow  is  run  along  this  line,  and  a  similar 
ftirrow  is  run  along  a  lower  contour,  the  distance  apart  depending  upon 
the  nature  of  tbe  land  and  the  slope  of  the  surface,  as  in  case  of  sidelull 
ditches.  Theoretically,  it  is  intended  to  have  the  surface  between  these 
two  ftirrows  level  so  that  there  will  be  no  chance  for  the  water  b>  run 
off  over  the  surface.  On  a  small  scale  this  leveling  can  be  done  with 
a  horse  shovel,  and  the  land  thus  put  at  once  into  a  condrtion  to  pre. 
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vent  wasbiiig.  In  this  case  the  banks  of  the  terrace  are  sodded  or 
seeded  with  grass  to  prevent  them  from  washing.  In  field  practice,  how- 
ever, the  Boil  is  moved  gradually  with  a  plow,  the  furrow  being  thrown 
always  downhill  and  the  soil  gradually  worked  down  to  a  level  plain. 
There  are  several  forms  of  reversible  plows  which  are  admirably 
adapted  to  thispurpose,  being  turned  readily  from  a  right  to  a  left  banded 
plow,  so  that  in  going  back  and  forth  the  furrow  is  always  thrown  down- 
hill. It  requires,  of  course,  a  number  of  years  of  such  cultivation  to 
get  the  surface  into  even  approximately  a  level  condition,  but  with 
patience  and  thorough  cnltivation  the  soil  very  quickly  assumes  a  com- 
paratively level  aspect,  and  erosion  is  reduced  to  a  minimum.  This  is 
a  more  expensive  method,  but  if  intelligently  doueit  is  much  more  efficient 
and  much  more  durable  than  de{>ending  npousidehill  ditches  to  prevent 
erosion.  As  was  said  in  the  case  of  the  sidehill  ditches,  unless  this 
work  is  well  done  it  had  much  better  be  left  undone,  as  it  may  seri- 
ously injure  the  held. 


Where  erosion  has  proceeded  so  far  as  to  render  the  land  at  present 
unfit  for  cultivation,  or  where  the  land  is  not  needed  for  cultivation  and 
it  is  desired  to  prevent  erosion,  the  land  should  be  given  np  to  trees, 
herbs,  or  grasses  of  some  kind  according  to  one  or  the  other  of  the  foL 
lowing  methods. 

BECOVEBIMG   GULLIED  HILLSIDES  BY  BBPOBB STATION. 


Forest  ground  is  not  subject  to  this  erosive  action  of  the  rainfall 
because  in  a  forest  a  large  part  of  the  rainfall  never  reaches  the  soil,  as 
20  or  3(1  per  cent  is  intercepted  by  the  foliage  and  evaporated  before  it 
reaches  the  ground.  The  rainfall  which  reaches  the  surface  is  rapidly 
absorbed,  aa  the  soil  is  kept  granular  and  loose  and  much  more  of  the 
water  is  carried  off  by  underdrainage  rather  than  by  surface  drainage. 
The  forest  covering  protects  the  soil  in  the  following  ways: 
(1)  By  preventing  rain  ftom  falling  directly  upon  the  soil,  the  foliage 
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of  the  tree  crowns  intercepting  and  breaking  its  force,  the  water  reach- 
ing the  soil  more  gently  from  the  leaves  and  along  the  branches  and 
trunks  of  the  trees. 

(2)  By  interposing  a  loose  cover  or  mnlch  of  litter  formed  by.the 
fallen  leaves  and  branches,  which  breaks  the  direct  force  of  the  rain- 
drops and  keeps  the  soil  from  being  compacted  or  puddled  by  their 
blows. 

(3)  The  deeply  penetrating  roots,  and  holes  left  froin  decayed  stumps 
and  roots  of  trees,  assist  in  this  underground  drainage. 

(4)  The  litter  with  the  stumps  and  projecting  roots  and  trunks  of 
trees  prevent  the  water  from  rapidly  running  over  the  ground  and 
from  gaining  the  momeutum  and  force  which  is  necessary  in  order  to 
erode  and  gtdly  the  soil. 

(5)  The  forest  cover  prevents  the  drifting  and  the  rapid  thawing  of 
snow,  thereby  insuring  more  even  distribution  of  the  waters  and  an 
increase  in  the  time  during  which  it  can  percolate  or  be  absorbed  into 
the  soil. 

If  the  forest  floor  is  not  disturbed  by  fire,  nor  the  litter  tramx^led  and 
compacted  by  cattle,  it  always  reduces  rapid  surface  drainage  and 
largely,  if  not  entirely,  prevents  erosive  a<;tion. 

RECOVERY   OF  WASHED   SOILS. 

Just  as  deforestation  of  hillsides  and  hilltops  is  the  first  cause  for 
inducing  erosive  action,  so  is  reforestation  the  most  eft'ective  means  in 
curing  the  evil.  This  has  been  demonstrated  in  France,  where  the 
Government  and  the  farmers  together  have  silent,  during  thelast  thirty 
years,  over  $40,000,000  and  expect  to  expend  three  or  four  times  that 
amount  to  reforest  1,000,000  acres  of  denuded  mountain  sides,  the  soil 
and  debris  from  which  has  been  carried  by  the  torrents  of  water  into 
the  plain,  covering  over  8,000,000  acres  of  fertile  ground  and  making  it 
useless  for  agriculture.  Sodding  for  pasture  has  been  found  mostly 
less  eflFective  and  on  the  steeper  slopes  entirely  ineffective. 

Wherever  the  ground  in  the  hill  country  is  not  fit  for  agricultural 
use  it  should  be  set  and  kept  in  forest,  not  only  to  make  it  produce  a 
timber  crop,  but  also  to  prevent  the  erosion  which  finally  becomes  dan- 
gerous to  the  lower  valley  lands.  Wherever  agriculture  is  possible  and 
profitable  there  should  be  such  a  distribution  of  forest,  pasture,  and 
field  as  will  secure  the  greatest  immunity  from  erosive  and  torrential 
action  of  the  waters.  The  forest  should  occupy  all  hilltops  which,  as 
a  rule,  have  too  thin  a  soil  to  allow  profitable  agricultural  use;  it 
should  be  kept  growing  on  the  steeper  slopes  where  the  water  acquires 
the  greatest  momentum  and  the  loosening  of  the  soil  by  the  plow  fur- 
nishes a  most  favorable  condition  for  erosive  action;  it  should  be 
placed  on  all  rocky,  uneven,  agriculturally  useless  spots,  because  it 
will  produce  useful  material  even  on  such  unfavorable  situations,  and, 
finally,  forest  belts  should  be  maintained  on  long  slopes  alternately 
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with  fields  and  pastares,  running  along  the  brow  of  the  slope  of  widths 
and  at  distances  proportionate  to  the  character  of  the  land  and  the 
angle  of  the  slope — on  the  steeper  slopes  closer  together,  on  the 
gentler  slopes  further  apart.  These  belts,  acting  as  a  barrier  to  break 
the  force  of  the  water,  will  prevent  an  undue  accumulation  of  surface 
waters  and  will  protect  to  a  considerable  degree  the  lower  fields  from 
washing.  Fanners,  therefore,  living  in  the  eroded  hill  country  should 
start  upon  the  work  of  reforestation  with  a  well-conceived  plan.  They 
should  determine  beforehand  which  parts  ought  to  be  in  forest,  and 
which  they  may  reasonably  expect  to  adapt  again  to  agricultural  uses. 
They  should  understand  that  they  must  begin  this  work  at  the  origin 
of  the  evil,  at  the  very  tops  of  the  hills  where  the  water  begins  to 
gather  and  acquire  its  force,  and  gradually  proceed  with  their  work 
<iown  to  the  lower  levels. 

PREPARATION  FOB  PLAITTING  FORESTS. 

Although  cultivation  of  the  soil  for  tree  planting  in  the  manner  prac- 
ticed for  field  crops  is  advantageous  to  the  young  plants  for  the  first 
few  years  of  their  life,  it  is  by  no  means  necessary,  and  rough,  broken, 
and  stony  ground,  which  could  not  be  plowed  and  prepared  for  ordi- 
nary field  crops  can  be  readily  planted  in  trees.  If  the  ground  is  in 
such  a  condition  that  it  can  be  plowed,  this  is  decidedly  the  best  method 
of  preparing  the  land.  The  plowing  should  in  all  cases  follow  the  con. 
tour  of  the  hill  and  be  as  deep  as  possible,  in  order  to  allow  as  much 
water  as  })OSsible  to  soak  into  the  soil  and  so  diminish  surface  erosion 
and  prevent  the  young  trees  being  washed  out.  The  occasional  gullies 
must  be  filled  with  brush  and  soil,  or  stones,  rubble,  and  dirt. 

In  the  deeply  gullied  hill  lands,  where  plowing  ha^  become  imprac- 
ticable, other  ways  must  be  provided  against  the  further  erosive  action 
of  the  water,  which  would  otherwise  be  apt  to  wash  out  and  uproot  the 
plants.  For  this  purpose  it  is  necessary  to  break  the  force  of  the  water 
by  constructing  brush  dams  across  the  gullies,  and  roughly  fill  in  the 
latter  with  stone,  gravel,  earth,  etc.,  in  front  and  rear  if  they  are  shal- 
low, and  at  least  in  the  rear  if  they  are  decider.  Where  the  ravines  are 
esi>ecially  deep  and  wide  it  may  become  necessary  to  supplement  and 
strengthen  the  rough  dam  with  a  loose  rubble  embankment  or  a  dry 
wall  of  stone.  A  simple  and  efficient  method  has  been  practiced  in 
France,  which  consists  in  filling  up  the  ravine  with  brush  placed 
lengthwise  and  keeping  this  down  by  poles  laid  across  and  fastened  in 
the  sides  of  the  ravine.  The  waters  are  thus  allowed  to  drain  oflF,  while 
the  soil  carried  by  them  is  retained  in  and  over  the  brush,  and  in  a 
short  time  the  guUey  will  fill  up  of  its  own  accord.  Then  aide  3  and 
willows  are  planted  along  the  edge  and  soon  finish  the  work  of  securing 
the  ravine  against  washing.  The  means  for  thus  breaking  the  force  of 
the  water  in  the  gullies  and  changing  it  from  a  rushing  torrent  into  a 
series  of  gentle  falls,  and  in  part  fix)m  surface  drainage  into  subterranean 
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drainage,  and  of  filling  ap  the  gullies  themselves  will  have  to  be  devised 
in  every  special  case  as  circnmstaiices  permit  and  the  ingenuity  of  the 
operator  suggestH.  The  brunh  dam  is  preferably  made  of  willow,  pop- 
lar, alder,  or  other  readily  sprouting  material,  which  becomes  alive  and 
by  striking  root  adds  to  the  firmness  of  the  dam. 

It  is  especially  needful,  ns  in  all  kinds  of  dams,  to  fasten  the  ends 
securely.  According  to  the  steepness,  deptii,  and  width  of  the  ravine 
more  or  less  frequent  dams  are  necessary.  The  accompanying  illustra- 
tion shows  how  such  work  is  being  done  successfully  in  France.  After 
the  brush  dams,  walls,  and  other  breastworks  have  been  established, 
the  waters  may  be  allowed  to  do  the  work  of  filling  up  the  gullies 
themselves,  which  tliey  will  do  sooner  or  later,  or  else,  where  it  can  be 
readily  accompUshed,  the  filling  may  be  done  by  hand. 


It  mnstbennderstood  that  unless  this  preliminary  work  is  well  done 
ancl  systematically,  beginning  at  the  very  tops  of  the  hills  where  the 
waters  start,  it  is  not  wortli  doing  at  all,  since  the  water  if  allowed  to 
get  headway  would  soon  wash  away  and  destroy  any  imj>erfect  work. 


To  cover  the  soil  as  quickly  as  possible  witli  a  dense  and  permanent 
arborescent  cover  is  the  object  to  be  attained.  Where  the  soil  has  not 
been  so  far  eroded  that  plowing  could  be  done,  it  might  be  best  for  the 
first  season  to  sow  oats,  field  peas,  or  other  crops  that  will  readily  grow 
and  make  a  cover.  This  may  be  cut  for  green  fwlder,  leaving  a  high 
stubble,  and  tree  seed  can  be  sown  broadcast  with  the  fodder  crop  in 
the  early  summer,  or  over  the  stnbble  after  the  crop  is  cut  in  the 
late  summer  and  fall.  Tlie  (cheapest  and  most  readily  gcrrTiinating 
tree  seed  should  be  looked  for  and  the  quantity  used  i)er  iicre  should 
7776— No.  20 2 
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be  lavish,  to  secare  a  dense  stand  from  the  first.  The  most  readily 
available  kinds  are  the  silver  or  red  maple,  box  elder,  elms,  ash,  and 
black  locust;  and  since  for  various  reasons  variety  or  mixed  woods  are 
preferable,  it  is  advisable  to  use  as  many  kinds  as  can  be  readily 
obtained. 

The  soft  and  red  maples  ripen  their  seed  in  early  spring,  just  about 
when  the  leaves  are  at  full  size,  and  should  be  gathered  and  sown 
immediately,  as  they  spoil  in  a  short  time.  Sown  with  a  field  crop  they 
will  make  a  good  growth  the  first  year,  benefited  by  the  shade  of  the 
crop.  To  provide  amply  for  loss  by  failure  and  by  destruction  when 
reaping  the  field  crop,  not  less  than  three  to  four  bushels  i)er  acre  of  the 
winged  seed  should  be  sown. 

The  elms  ripen  their  seed  in  the  early  summer,  by  the  end  of  May  or 
beginning  of  June.  As  they  spoil  in  a  few  hours,  if  allowed  to  heat  in 
bags,  they  must  be  carefully  handled  and  be  sown  soon  after  ripening. 
The  same  quantity  should  be  sown  as  of  the  maples,  or  somewhat  more, 
and  they  may  be  sown  after  the  maples.  The  box  elder  is  a  very  hardy 
and  densely  foliaged  ]>lant  which  ripens  its  seed  in  the  early  fall.  They 
should  be  sown  soon  after  ripening  at  the  same  rate  as  the  maples. 
Of  the  several  varieties  of  ash,  the  green  and  white  are  to  be  recom- 
mended, especially  the'  former,  which  bears  fruit  early  and  plentifully, 
and  is  perhaps  more  hardy  than  the  white.  The  latter  is,  however, 
superior  in  its  timber.  The  seed  ripens  by  the  end  of  September  and 
the  beginning  of  October,  and  although  it  will  keep  over  winter,  it  is 
best  sown  soon  after  gathering,  when  the  rains  and  winter  snows  will 
carry  it  through  the  stubble  to  germinate  next  spring. 

Finally,  with  a  view  to  adding  a  more  valuable  species,  which  at  the 
same  time  is  readily  procured  and  propagated,  the  black  locust  should 
be  introduced.  The  seeds  ripen  in  «Tuly  or  August  and  have  the  advan- 
tage of  keeping  readily  in  good  condition,  and  may  therefore  be  sown 
at  any  time,  but  are  best  used  soon  after  ripening.  This  species  should 
never  be  planted  alone,  because  it  does  not  shade  the  ground  well,  but 
when  mixed  with  other  shadier  kinds,  which  by  their  fuller  foliage  give 
better  soil  protection  and  at  the  same  time  reduce  the  danger  from  the 
borer,  to  which  the  black  locust  is  otherwise  liable,  it  is  one  of  the  most 
useful  species  for  the  jmrpose,  be(  ause  it  grows  readily  and  quickly  and 
suckers  and  sprouts  vigorously,  thus  insuring  a  continuous  soil  cover. 
With  a  tolerably  dense  cover  of  other  species  assured,  an  addition  of  one 
or  two  pounds  per  acre  of  locust  seed  will  greatly  enliance  the  economic 
value  of  the  plantation. 

Where  the  ground  is  too  much  cut  up  and  too  uneven  to  permit  of 
plowing,  recourse  must  be  had  to  sowing  of  seed  in  {)lats,  or  planting 
of  seedlings  or  cuttings  by  hand.  This  is  naturally  much  more  expen- 
sive, and  therefore  should  be  done  with  greater  care  and  foresight. 
Plats  may  be  made  by  loosening  the  soil  with  a  hoe  or  spade,  and  sow- 
ing the  seed  into  these  seed  beds,  covering  the  seed  only  slightly.    The 
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plats  should  be  3  to  4  feet  aimit  to  tuaku  sufllvieutly  rapid  cover. 
The  success  of  tbis  inetliod  i&,  bowever,  very  <iuestioiiikb)e,  as  not  ouly 
the  gemiinatiDg  of  the  seed  under  tbe  prevailing  cotiditiuns  is  precari- 
oas,  but  rains  are  apt  to  wasb  out  tbe  8ee<l  or  yomig  seedliiiga.  The 
best  Riii-<;esH  may  perbaps  be  obtained  wttb  black  locust  or  oak,  the  seed 
of  winch  can  be  placed  deejter(l  to  2  inches)  uccordiug  to  soil  condi- 
tions, with  a  hoi>e  of  germinating  and  avoiding  the  danger  of  wasbtng. 
The  surer  method,  bowever,  will  be  found  iu  planting  seedlings  or 
cuttiDgs.  Seedlings  are  not  only  exjieiisive  but  also  more  precjirious 
to  handle,  hence  fur  the  bulk  of  tbe  planbition  such  kinds  as  can  be 
readily  obtained  and  propagated  by  cuttings  are  used,  and  if  desire4l  a 
sufficient  number  of  seedlings  of  better  kinds  can  be  i'uided  to  ii 
the  timber  value  of  the  plantation. 
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The  cheapest  and  most  readily  growing  material  for  the  general  cover 
18  furnished  by  the  willows  and  poplars,  to  which  may  be  iidded  the 
box  elder^  the  black  lo<'.ust,  and  the  catalpa,  while  other  more  valuable 
kinds  may  be  introduced,  when  tbe  first  cover  has  been  esttiblislied,by 
the  planting  of  2  or  3  year  old  plants  in  single  specimens. 

The  cuttings  are  best  taken  in  winter  before  vegetation  begins 
(be.'jretbo  1st  of  March),  and  should  be  laid  in  water  until  planting 
time,  in  April;  they  should  be  cut  14  or  Ifi  inches  long  from  3, 2,  or  even 
iyear  wood,  if  of  good  size,  and  preferably  fn>m  thenuiiii  shoots.  For 
planting,  an  iron  dibble  with  handle,  somewhat  like  that  shown  in  Fig. 
ti  is  used,  and  a  half  conical  shoe  12  inches  long  and  2j  to  3  inubes  in 
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diameter  is  also  a  useful  instrument.  If  the  soil  to  be  planted  is 
rather  compac.t  and  hard,  a  step  may  be  added — to  be  used  like  a 
spade.  The  dibble  is  thrust  into  the  ground  to  its  full  depth,  loosened 
and  withdrawn ;  a  boy  holds  the  cutting  into  the  hole  so  that  about 
two  or  three  buds  remain  above  ground;  a  second  thrust  somewhat 
slanting,  2  inches  or  so  from  the  first  hole,  and  a  forward  movement 
closes  the  hole  and  plants  the  cutting,  while  a  few  additional  short 
thrusts  close  the  last  hole.  Two  skillful  men,  with  a  boy.  to  serve  both 
in  placing  the  cuttings,  can  plant  3,500  in  a  day.  Seedlings,  of  course, 
are  planted  in  the  same  way. 

The  first  and  principal  object  being  to  break  the  force  of  the  surface 
waters,  the  arrangement  in  setting  out  the  plants  should  be  as  nearly 
as  possible  in  horizontal  and  parallel  rows  along  the  brow  of  the  hill, 
following  the  contours.  To  get  a  full  cover  as  soon  as  possible  the 
plants  should  be  set  not  farther  apart  than  3  to  4  feet  and  even  less, 
making  from  5,000  to  7,000  per  acre.  If  this  is  found  too  expensive,  orfor 
some  reason  impracticable  to  be  done  at  once,  the  work  may  be  reduced 
and  divided  into  several  seasons;  the  rows  then  may  be  made  farther 
apart,  say  from  6  to  16  feet,  according  to  the  slope,  and  the  plants  in 
the  row  2  feet,  when  the  number  will  be  one-half,  or  less.  Additional 
rows  and  perhaps  of  better  classes  of  timber,  especially  oaks,  chestnuts, 
tulip  trees,  ash,  walnut,  and  others  may  be  introduced  in  the  following 
seasons,  the  soil  having  come  to  rest  by  the  first  plantings;  x)r  else  the 
trees  and  shrubs  grown  in  the  first  rows  can  be  utilized  to  establish  a 
cover  by  layering  their  branches.  This  is  done  simply  by  bending  down 
branches,  fastening  them  to  the  ground  by  small  wooden  forks  oi;*  clamps, 
and  covering  a  part,  say  6  or  10  inches  from  the  end,  with  soil,  when 
they  will  strike  root  and  the  next  year  the  bent-down  branches  may  be 
cut  loose  from  the  new  stock.  The  branches  must  be  covered  with 
enough  earth  to  insure  that  sufficient  moisture  is  at  their  disposal  for 
root  formation;  covering  the  buried  part  with  a  sod  or  a  stone,  which 
prevents  evaporation,  is  advantageous. 

Whatever  is  done  in  such  a  work  of  recovering  lost  ground,  let  this 
fact  never  be  forgotten,  that  it  is  better  to  do  a  small  part  well  than  a 
large  part  indifferently,  which  usually  means  lost  labor. 

GRASSES  AND  SIMILAR  VEGETATION  PREVENT   EROSION  AND  WASH- 
ING OF  AGRICULTURAL    LANDS. 

On  gentle  slopes  a  good  turf  of  perennial  pasture  grasses,  especially 
those  with  creeping  rootstocks,  prevents  erosion,  or  washing,  of  lands, 
and  short  steep  embankments  may  also  be  protected  with  this  same 
covering.  On  longer  and  steeper  slopes,  however,  this  method  is  not 
so  effective  as  that  of  reforestation. 

In  enumerating  the  effects  to  be  obtained  by  the  growth  of  grasses 
and  other  herbaceous  vegetation  on  washing  lands,  or  lauds  liable  to 
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be  eroded)  it  should  be  stated  that  such  growths  are  calculated  to 
break  the  force  of  the  rainfall  and  prevent  its  packing  the  soil;  to 
render  the  ground  more  porous  through  the  root  penetration  into  the 
subsoil;  to  make  the  soil  more  absorbent  and  more  retentive  of  mois- 
ture through  the  addition  of  humus  to  the  soil  from  the  decay  of  the 
plants;  to  retard  the  rate  with  which  the  surface  waters  flow  off,  and 
lastly,  to  bind  the  particles  of  soil  together,  which  is  especially  effective 
in  the  case  of  light  sandy  lands  and  of  newly  formed  embankments, 
whether  of  sand  or  clay. 

The  turf  which  would  answer  the  present  purposes  should  be  com- 
posed of  jierennial  grasses  of  varieties  which  have  creeping  rootstocks, 
and  it  is  frequently  essential  that  ^hey  be  able  to  grow  upon  an  im. 
poverished  and  often  hard  soil.  To  secure  a  strong  turf  on  lands  of 
this  character  it  is  very  important  that  the  soil  be  put  into  the  best 
possible  condition.  Where  practicable  the  soil  should  be  thoroughly 
plowed  or  loosened,  and  some  variety  of  field  pea  or  clover  be  seeded 
down,  such  as  the  cowpea,  Japan  clover,  or  the  crimson  clover,  all  well 
adapted  to  this  purpose.  These  crops  may  either  be  cut  off,  leaving  a 
high  stubble  to  be  turned  under,  or  the  whole  may  be  plowed  under, 
thus  furnishing  a  quantity  of  organic  matter  to  the  soil  as  a  prepara- 
tion for  the  grasses  which  are  to  be  seeded.  As  drought  is  one  of  the 
most  serious  conditions  to  be  contended  with  on  lands  of  this  character, 
crimson  clover  is  one  of  the  best  of  these  green  manuring  crops,  as  it 
makes  most  of  its  growth  in  the  winter  months,  when  there  is  less 
hability  of  drought.  This,  however,  can  not  be  used  too  far  North,  as 
it  does  not  stand  the  winters  well. 

With  this  preparation  of  the  soil  Bermuda  grass  is  one  of  the  best 
grasses  for  the  purpose  of  preventing  erosion,  or  of  reclaiming  eroded 
land  in  the  South.  This  should  be  planted  by  cutting  up  a  turf  rather 
than  by  seeding,  as  the  seeds  do  not  germinate  very  readily,  even 
where  they  have  been  gathered  in  a  mature  condition.  Care  must  be 
taken  in  the  introduction  of  this  Bermuda  grass,  as  it  is  exceedingly 
troublesome  in  the  cotton  field.  In  the  North  the  English  blue  grass  is 
one  of  the  best  grasses  for  Ihis  purpose,  and  the  Hungarian  brome  is 
valuable  for  the  same  purpose  in  both  localities. 

Where  the  soil  will  support  other  good  turf  grasses  of  higher  value 
for  hay  or  pasturage,  or  where  the  soil  can  be  brought  into  a  condition 
to  support  them,  these  more  valuable  grasses  should  be  introduced. 
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FARMERS'  BULLETINS. 

Tb('K(>  bulletins  arc  sent  free  of  charge  to  any  addresH  upon  application  to  tlie 
Secretary  of  Agriculture,  Washiugton,  D.  C.  Only  the  following  are  available  for 
distribution: 

No.  l.").  Some  Do.^tmctive  Potato  DiseimeM:  What  They  Aro  and  How  to  Proveiit  Them.    Pp.  K. 

No.  ItJ.  Lofj^iiniiiidhiH  Plants  for  (Jrcen  Maiinriiig  aud  for  Feeding.     Pp.  24. 

No.  18.  Forage  PlaiitH  tor  ihf  South.     Pp.  :iO. 

No.  19.  Important  111  s»*<'tici<h's:  Directions  for  Tht>ir  Prtipuration  aud  Tne.    Pp.20. 

No.  21.  IJarnyanl  Muniirc.     Pp.32. 

No.  22.   Feeding  Farm  Animals.    Pp.32. 

No. 21.  Foods:   Nutritive  Value  and  Cost,     Pp.32. 

No.  24.  Ilog  (-lioliTii  ami  Swim' Plague.     Pp.  ItJ. 

No.  25.  Peanuts:   Culture  and  Uhcs.     Pp.24. 

No.  28.  Sweet  Pot  atots :   Ciilture  and  Ises.     Pp.30. 

No.  27.  Flax  for  Si-ed  and  Fiber.     Pp.  IG. 

No.  2'*.  Weeds;  and  How  to  Kill  Them.    Pp.:!(l* 

No.  29.  Souring  of  ililk.  and  Other*  hangi*.-*  in  Milk  Product*.     Pp.23. 

No.  30.  Grape   Di^easef*  on  the  Paeitic  (;i)a.«*t.     Pp.  Ifl. 

No.  31.  Alfalfa,  or  Lurt-rn.     I'p.  23. 

No.  32.  Silort  aud  Sil;ige.     Pj).  :n. 

No.  33.  Peaeh  (irowing  I'or  Markrt.     l*]i.  24. 

No.  34.  Meats:   ('ompo.Hiti«»n  and  (/'tK»king.     Pp.29. 

No.  3.').  Potato  Culture.     I'p.  23. 

No.  3(5.  Cotton  Seed  and  Its  Produets.     Pp.  1(1. 

No.  37.  Katir  C«)rn:  (-haraeteri.«<tieH,  Culture,  aud  Uses.     Pp.  12. 

No.  38.  Spraying  for  Fruit  Disea.ses.     I'p.  12. 

No.  35).  Onion  Cultnro.    Pj*.  :!1. 

No.  40.  Farm  Dniinage.     Pi>.  24. 

No.  41.   Fowls:   Cari- and  Fee^ling.     Pp.24. 

No.  42.    Farts  About  Milk.     Pp.  2«.>. 
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No.  50.  S<jrglium  as  a  Fom-eCrop.     l*p.  24. 

Standard  Varieties  of  Chirkens.     Pp.4K. 

The  Sugar  Pert.     Pp.  -in. 

How  to  Crow  Mushrnums,     Pp.  20. 

S<Hue  ('ommon  Pirds  in  Their  IM.ttion  to  Agrienlture.     l*p.  40. 

The  Dairy  Henh  Its  Formation  and  Management.     Pp.  24. 
No.  .^lO.  Experiment  Station  Work— I.     Pp.  30. 
No.  57.  lUitter  Making  en  the  Farm.     Pp.  15. 
No.  58.  The  Soy  I'.ran  as  a  Forage  (.'roj).     Pp.  24,' 
Ni>.  5ii.  Pet*  Keeping.     Pp.  32. 
No.  0.1.  MetluMls  of  Curing  T<»harco.     Pj*.  IC. 
No. 61.  Asparaizus  Culture.     Pp.40. 
No.  62.  Market  inu' Farm  Produee.     Pp.28. 
No.  63,  Care  ..i"  .Nliik  on  tlM-  Farm.     I'p.  40. 
No.  64.  Dueks  and  Ceese.     Pp.  48. 
No.  (55.  Fixperinunt  Station  Work  — 11.     Pp.  3-j. 
Xi».  Oti.  MeadouH  ami  I'aistures.     Pp.24. 
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No. 70.  Tin*  rnininiil    Insert  Ei'di.ir-  of  t  !ii- ( Irajw.     Pp.24. 
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No.  7.5.  Exprriment  Station  Work- 1\'.     Pp.32. 
N.».  74.  Milk  as  Fo.mI.     Pp.  30. 
No.  75.  Tlje(;rain  Smiit.s.     Pp.  20. 
No.  76.  T«.mato  (Jrowinu.     Pp.30. 
No.  77.  The  I-iniin^  of  Soils.     Pp.  19. 
No.7s.   E\|Mriiin'nt  St;itn»n  Work— V.     Pp.32. 
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No.  8s.   Alkali  Lai. .Is.    Pp.  2«. 
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Proceedings   of  SEP  2   1    iD^^ 

The  First  Water  Congress  of  Southern  California. 

1  •:•  I  -iOii   OI   V  OV< 

held  at  t  •  '  /-^   -,  •  '■ 

Chamber  of  Commerce,  Los  Angeles,  March  13, 1906* 


Pursuant  to  the  call  of  a  committee  named  by  the  directors  of  the 
Chamber  of  Commerce  of  Los  Angeles,  consisting  of  Prof.  A.  J.  Cook, 
chairman;  FYank  Wiggins,  secretary;  J.  S.  Slauson,  T.  P.  Lukens,  C.  B. 
Boothe  and  W.  C.  Mendenhall,  deleigates  from  various  sections  of 
Southern  California  assembled  at  10  o'clock  this  date. 

The  meeting  was  called  to  order  by  J.  O.  Koepfli,  President  of 
the  Chamber  of  Commerce  of  Los  Angeles,  who  made  a  brief  address, 
welcoming  the  delegates.  He  stated  that  Chairman  Cook  being  detained 
by  high  floods  on  the  line  of  the  Santa  Fe  Railroad,  he  would  ask  C. 

B.  Boothe  of  the  committee  to  take  the  chair. 

Owing  to  Secretary  Wiggins  being  occupied  with  important  matters, 

C.  B.  Messenger  was  asked  to  act  as  Secretary. 

Chairman  pro-tem  Boothe — ^Will  the  Secretary  call  the  roll  of  Dele- 
gates? 

REPRESENTING: 

San  Diego  Chamber  of  Commerce. 

R.  C.  Allen,  C.  S.  Alverson. 
Merchants  and  Manufacturers  Association  of  Los  Angeles. 

J.  M.  Schneider,  C.  H.  Plunumer. 
Santa  Ana  Chamber  of  Commerce. 

Robert  McFadden,  John  Cubben. 
Long  Beach  Board  of  Trade. 

P.  B.  Hatch,  W.  W.  Lowe,  F.  L.  Crowe,  W.  J.  Home,  E.  B.  Hillegas. 
Riverside  Chamber  of  Commerce. 

Geo.   Frost,  John  G.   North,   Francis  Cuttle,  B.  A.   Chase.   W.   G. 
Frazer. 
Los  Angeles  Municipal  League. 

T.  B.  Comstpck.  F.  H.  Olmstead,  C.  A.  Moody,  Hugh  Glassell. 
Hollywood. 

P.  J.  Beveridge,  N.  A.  Dunny. 
Anaheim  Chamber  of  Commerce. 

J.  B.  Rea,  C.  O.  Rust,  J.  B.  Neff. 
Ventura  Board  of  Trade. 

Geo.   S.   Barnes. 
San  Antonio  Fruit  Exchange,  Pomona. 

D.  C.  Teague,  L.  C.  Meredith,  C.  B.  Sumner. 
Fullerton  Board  of  Trade. 

Alex.  McDermot,  C.  C.  Chapman,  E.  W.  Dean. 
Tropico  Improvement  Association. 

A.  W.  Collins. 
Los  Angeles  Chamiber  of  Commerce. 

Fred  L.  Alles,  A.  P.  Griffith,  Geo.  Chaffee,  A.  H.  Koebig,  Mrs.  H. 
W.  R.  Strong,  Wm.  Niles,  Otis  Lockhart. 
Pasadena  Board  of  Trade. 

T.  P.  Lukens,  S.  O.  Bowen,  W.  Scott  Way,  W.  A.  Butterworth. 
Los  Angeles  Board  of  Trade. 

J.  M.  C.  Marble. 
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Santa  Ana  Valley  Irrigation  Association. 

M.  Nisson,  S.  Armor,  A.  E.  Bennett,  Wm.  Gregg. 
Qardena-Moneta  Farmers  Club. 

O.  M.  Johnson. 
Corona  Board  of  Trade. 

E.  L.  Hazzard.. 

Queen  Colony  Fruit  Excliange. 

W.  H.  Jamison,  A.  C.  Wood.  • 

Pomona^  Board  of  Trade. 

Geo.  P.  Robinson,  Walter  A.  Liewis,  C.  T.  Lor1>eer,  Frank  Seaver, 
C.  E.  Tait. 
San  Gabriel  River  Water  Committee. 

Calvin  W.  Brown,  J.  T.  Lindley,  J.  R.  Elliott. 
Chamber  of  Commerce,  Ontario. 

B.,  C.  Shepherd. 
Glendora  Farmers  Club. 

Geo.  D.  Whitcomb,  C.  S.  Whitcomb,  B.  Easley,  W.  J.  Sewards,  J. 
P.  Bnglehart,  L.  M.  La  Fetra,  W.  J.  Cox. 
Monrovia  Board  of  Trade. 

J.  H.  McClymarck,  C.  F.  Monroe,  C.  O.  Monroe. 
California  Development  Co. 

U  M.  Holt. 
Whittler  Citrus  Association. 

F.  A.  Fletcher,  J.  M.  Randall. 
Verdugo  Canyon  Water  Co. 

J.  B.  Woodbury. 
Executive  Committee  So.  Cai.  Section  NatM  Irrig.  Association. 

J.  H.  Braly. 
Independent  Water  Co.  of  Qlendale. 

H.  E.  Gulvin. 
Farmers  Club  of  El  Monte. 

M.  F.  Quinn,  F.  P.  Cogswell. 
San  Antonio  Water  Co.,  Ontario. 

H.  E.  Trask. 
Marengo  Water  Co.,  So.  Pasadena. 

E.  Sorabjee,  Supt. 
Orange. 

A.  D.  Bishop. 
Azusa. 

W.  R.  Powell. 

Chairman  Boothe — "Ladies  and  Gentlemen,  Delegates  to  the  First 
Water  Congress  of  Southern  California:  If  Chairman  Cook  had  not  been 
tmavoidubly  detained,  he  would  at  this  time  outline  to  you  the  object 
and  purpose  of  this  Congress.  As  he  will  undoubtedly  be  here  pres- 
ently, I  will  not  anticipate  what  he  may  say,  but  proceed  with  the 
program  as  prepared  by  the  committee. 

The  first  paper  to  be  announced  is  very  appropriately  by  a  gentle- 
man who  has  been  one  of  the  first  to  lead  tn  the  investigations  upon 
the  subject  matters  which  you  are  here  today  to  consider.  As  Resident 
and  Consulting  Engineer  of  the  U.  S.  Reclamation  Service,  he  is  quali- 
fied to  speak  with  a  knowledge  second  to  none,  and  I  take  great  pleasure 
in  introducing  to  you   J.   B.   Lippincott,   who  will   take  for  his   topic 

MOUNTAIN    STREAM      CHARACTERISTICS     OF      SOUTHERN    CALI- 
FORNIA. 

INTRODUCTION. 

The  most  important  question  now  before  the  people  of  Southern 
California  is  the  water  problem.  At  the  present  rate  of  growth  which 
Los  Angeles  is  making,  the  limit  of  her  present  water  supply  is  in  sight. 
If  a  sufficient  supply  can  be  obtained,  it  now  seems  probable  that  at 
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no  distant  dar  almost  the  entire  Coastal  Plain  between  Loe  Angeles  and 
Santa  Monica,  the  area  between  Pasadena  and  Los  Angeles,  and  the 
ajrea  east  of  Pasadena  for  some  mdles,  will  be  thickly  inhabited.  It  will 
become  the  American  Riviera.  The  limiting  factor  will  largely  be  the 
•water  supply. 

This  city  and  vicinity  is  the  Mecca  of  an  ever  increasing  number 
of  people  who  wish  to  escape  the  rigors  and  dirt  of  an  ESastern  winter. 
There  are  many  other  factors  that  will  tend  to  increase  the  population 
and  importance  of  this  locality,  but  the  mild  climate  and  varied  topo- 
graphy will  always  be  the  greatest. 

RAINFALL. 

While  we  can  but  hope  that  the  long  period  of  low  precipitation 
has  come  to  an  end,  we  should  not  forget  that  one  of  the  attractions 
and  a  valuable  asset  of  Southern  California,  is  its  great  number  of 
cloudless  days.  The  average  seasonal  rainfall  at  Los  Angeles  for  the 
21  years  ending  August.  1893,  was  18.30  Inches.  The  average  for  the  11 
years  following  that  date,  that  is,  from  September  1,  1893,  to  August  31, 
19M,  was  11.26  inches.  The  mean  precipitation  for  the  entire  period  of 
32  years,  during  which  the  record  has  been  kept,  is  15.88  inches.  The 
seasons  of  greatest  precipitation  were  1883-84  and  1889-90,  when  the  totals 
were  38.26  in.  and  34.60  in.  respectively.  There  have  been  four  seasons 
when  the  precipitation  was  approximately  1-3  of  the  mean,  and  six  when 
the  precipitation  was  about  2-3  of  the  mean. 

Considering  the  fact  that  the  mean  precipitation  was  more  than  18 
inches  up  to  1893,  it  is  not  surprising  that  engineers  at  that  time,  and 
for  a  number  of  years  after,  estimated  the  stream  flow  or  run  off  too 
high. 

Anyone  who  has  made  a  study  of  a  diagram  showing  the  rainfall  at 
Los  Angeles  and  danta  Barbara  cannot  but  be  impressed  with  the  great 
fluctuation  in  the  precipitation.  Such  a  diagram  emphasizes  the  neces- 
sity for  conserving  the  water  supply  in  years  of  abundance. 

POSSIBILITIES  AND  MEANS  OF  CONSERVING  THE  WATER  SUPPLY 

The  water  supply  can  be  conserved  by  forestratlon  and  storage  of 
flood  waters  in  surface  and  underground  reservoirs. 

Much  money  has  been  spent  in  Southern  California  in  driving  water 
development  tunnels  (in  the  mountains).  As  a  means  of  obtaining  a 
I>ermanent  supply  this  method  of  development  has  been  generally  dis- 
appointing. The  flow  from  the  tunnel  for  a  comparatively  short  period 
oif  time  is  greater  than  the  natural  flow  of  the  spring  or  cienega.  This 
increase  is  due  to  the  rapid  drainage  of  the  water  stored  in  the  crevices 
of  the  rocks  or  gravels.  In  order  to  keep  up  the  supply,  the  tunnels  usu- 
ally were  extended.    Manifestly  this    cannot  be  a  permanent  remedy. 

An  improvement  on  this  method  was  recently  made  at  the  Santa  Bar- 
bara City  tunnel,  which  has  been  driven  in  a  stratified  sandstone  for  a 
length  of  5000  feet.  A  water-tight  bulkhead  with  a  gate  was  placed  near 
the  tunnel  portal  and  the  gate  closed  during  the  rainy  season,  and  the 
water  allowed  to  accumulate  when  not  needed.  During  the  winter  of 
1902-3  there  was  a  fair  amount  of  rainfall  and  the  streams  were  capable 
durihg'that  time  of  meeting  the  demands  of  the  city.  As  soon  as  the 
bulkhead  could  be  closed  this  was  done — about  July  1,  1903.  Because 
of  the  fissured  condition  of  the  rock  in  the  tunnel  it  was  not  feasible 
at  the  point  where  the  bulkhead  was  first  placed  to  completely  close  the 
supply  from  the  heading,  as  springs  occurred  below  the  bulkhead  toward 
the  portal,  flowing  in  considerable  volume.  However,  the  pressure  ran 
up  to  49  pounds  to  the  square  inch  on  July  25th,  as  indicated  by  the 
pressure  gage  placed  in  the  discharge  pipe,  indicating  an  accumulated 
head  of  water  back  oC  the  bulkhead  of  114  feet.     This  shows  that  the 
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tunnel  w&s  developed  into  a  storage  reservoir.  The  gate 'valve  in  the 
bulkhead  was  gradually  opened  as  the  season  progressed,  and  the  sup- 
ply maintained  a  flow  of  from.  24  to  33  miner's  Inches  during  the  re- 
mainder of  the  summer.  On  October  17th,  when  the  valve  was  completely 
opened  and  the  pressure  has  been  reduced  to  zero,  the  flow  had  fallen 
to  18  miner's  Inches.  This  was  sufficient  to  carry  the  city  through  the 
summer  successfully. 

During  the  summer  of  1904  a  new  bulkhead  was  placed  at  a  point 
in  the  tunnel  where  a  heavy  clay  seam  occurs  in  the  rock.  This  new 
bulkhead  was  more  effective  than  the  first  one  constructed  in  holding 
"back  the  water.  The  pressure  on  the  gage  at  the  Santa  Barbara  tunnel 
March  1,  1905  was  70  pounds  to  the  square  inch,  representing  a  head  of 
161  feet  on  the  bulkhead. 

Another  method  of  intercepting  the  ground  water  has  been  by  build- 
ing submerged  dams.  Such  dams  have  been  constructed  on  the  Pacoiwa 
Wash,  the  Arroyo  Seoo  and  Santiago  oanyon.  This  method  has  been  dis- 
appointing, as  the  velocity  of  underground  water  has  been  proven  very 
slow,  usually  not  over  15  feet  per  day  through  the  voids  of  sand  and 
gravel.  A  method  of  measuring  the  flow  of  underground  water  ha^  been 
developed  by  the  Geological  Survey  by  Prof.  C.  S.  Sllchter.  For  a  de- 
scription of  this  method,  see  Water-Supply  and  Irrigation  Paper  No.  67. 

FORE8TRATION. 

One  of  the  most  efficient  means  of  conserving  and  regulating  the , 
water  supply  that  falls  on  the  mountains  is  by  forest  cover.  The  'great 
importance  of  preserving  and  extending  the  forested  area  cannot  be 
too  strongly  emphasized.  The  flres  must  be  prevented,  for  in  this  region 
bordering  closely  on  desert  conditions,  artificial  forestration  is  most 
difficult  and  expensive. 

Mr.  James  W.  Toumey,  Collaborator  Bureau  of  Forestry  in  the  Ag- 
ricultural Department,  selected  certain  small  and  adjoining  drainage 
basins  in  the  San  Bernardino  Mountains  in  a  portion  of  the  catchment 
area  proposed  to  be  utilized  by  the  Arrow  Head  Reservoir  Company. 
Throughout  this  area  this  corporation  for  a  term  of  years  has  been 
making  exhaustive  hydrographic  studies  of  the  available  water  supply. 
A  large  number  of  rain  gages  have  been  established  and  stream  meas- 
urements were  carefully  made  over  weirs  by  skilled  engineers  in  the 
employ  of  the  Arrow  Head  Reservoir  Co.  It  is  here  proposed  by  the 
Company  to  divert  the  water  flowing  from  a  number  of  these  small 
mountain  basins  which  are  situated  on  the  northerly 'slope  of  the  San 
Bernardino  Range  by  means  of  gravity  canals  and  tunnels  to  the  south- 
em  side  of  the  range  and  into  the  San  Bernardino  Valley. 

The  Arrow  Head  Reservoir  Company  has  placed  its  hydrographic 
data  at  the  disposal  of  the  Bureau  of  Forestry,  which  organization  made 
the  forest  study  in  connection  therewith.  The  data  that  is  presented 
by  Mr.  Toumey  is  perhaps  the  most  precise  and  definite  Informiation  on 
the  subject  of  related  stream  flow  to  forest  cover  that  we  have  so  far  been 
favorfed  with  in  this  country.  His  conclusions,  while  they  were  to  be 
expected,  are  gratifying  in  their  deflniteness.  We  can  do  no  better  than 
to  quote  from  Mr.  Toumey  in  extenso: — 

"Because  rainfall  is  most  abundant  where  forests  grow,  many  be- 
lieve that  forests  exert  an  important  inference  on  the  amount  of  pre- 
cipitation. A  more  reasonable  influence,  however,  is  that  rainfall  Is  the 
great  factor  In  controlling  the  distribution  and  density  of  forests." 

"Whether  forests  have  any  appreciable  effect  in  cooling  the  air  to 
below  the  dew-point  is  uncertain.  From  the  known  effect  of  forests  on 
the  temperature  and  relative  humidity  of  the  air,  it  is  reasonable  to 
infer  that  they  may  have  some  such  effect,  at  least  to  a  small  degree, 
and  consequently  that  they  have  some  influence  in  increasing  precipita- 
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tion.  The  present  evidence,  however,  derived  from  many  series  of  ob- 
seryations  conducted  in  Europe  and  elsewhere,  is  so  conflicting  that  a 
definite  answer  to  this  question,  having  the  stamp  of  scientific  accuracy, 
is  not  possible/' 

In  a  careful  study  of  the  behavior  of  the  stream  flow  on  several  small 
oatchment  a^eas  in  the  San  Bernardino  Mountains,  it  has  been  found  that 
the  effect  of  the  forest  in  decreasing  surface  (flood)  flow  on  small 
catchment  basins  is  enormousi,  as  shown  in  the  following  tables,  where 
three  well-timbered  areas  are  compared  with  a  non-timbered  one: 


Area  of  catchment    Condition  as 

UUriUg    JL/e WLU 

Precipitation 

Run -off  per 

Run-off  in  oercent- 

1                         basin 
i                    Sq.  Miles 

'                  0.70 

to  cover 

sq.  mile 

&ge  of  precipitation 

Inches 

Acre  Feet 

Per  Cent 

Forested 

19-f 

36- 

3 

1.05 

Forested 

19-f 

73-h 

6 

1.47 

Forested 

19-f 

70- 

6 

.53 

Non-forested 

13— 

312+ 

40 

'This  is  the  stream  discharge  during  a  month  of  unusually  heavy 
precipitation." 

"At  the  beginning  of  the  rainy  season,  in  early  December,  the  soil 
on  all  four  of  these  basins  was  very  dry  as  a  result  of  the  long  dry 
seasons.  The  accumulation  of  litter,  duff,  humus,  and  soil  on  the  forest- 
covered  catchment  areas  absorbed  95  per  cent,  of  the  unusully  large 
precipitation.  On  the  non-forested  area  only  60  per  cent,  of  the  pre- 
cipitation was  absorbed,  although  the  rainfall  was  much  less.' 

Rainfall  and  run-off  during  January,  February  and  March,  1900: 


Area  of  catchment 
,        basin 

Sq.  Miles 
0.70 
1.05 
1.47 

.53 


Condition  as 
to  cover 

Forested 
Forested 
Forested 
Non-forested 


Precipitation 

Inches 

24 
24 
24 
16 


Run -off  per 
sq.  mile 

Acre- Feet 

452-1- 

428- 

557-h 

82S-f- 


Run-off  in  percent- 
age of  precipitation 

Per  Cent 

35 
33 
43 
95 


"The  most  striking  feature  of  this  table  as  compared  with  the  pre- 
vious one  is  the  uniformly  large  run-ofC  as  compared  with  the  rainfall. 
This  clearly  shows  the  enormous  amount  of  water  taken  mp  by  a  dry 
soil,  either  forested  or  non-forested,  as  compared  with  one  already  nearly 
filled  to  saturation.  During  the  three  months  here  noted ,^  on  the  forested 
basins  about  three-eighths  of  the  rainfall  appeared  in  the  run-off,  while 
on  the  nonforested  area  ninteen-twentieths  appeared  in  the  run-off." 

RAPIDITY  OF  DECREASE  IN  RUN-OFF  AFTER  THE  CLOSE  OF  THE 

RAINY  SEASON. 


ea  of  catchment 

Condition  as 

Precipita- 

April run- off 

May  run -off 

June  run-off 

basin 

to  cover 

tion 

per  sq.  mile 

per  sq.  mile 

per  sq.mile 

Sq.  Miles 

Inches 

Acre- Feet 

Acre- Feet 

Acre- Feet 

0.70 

Forested 

1.6 

153— 

66 

25— 

1.05 

Forested 

1.6 

146— 

70  ■ 

30 

1.47 

Forested 

1.6 

166-i- 

74^ 

30-^ 

.53 

Non- forested 

1. 

56+ 

2— 

.0 

"The  above  table  clearly  shows  the  importance  of  forests  in  sustain- 
ing the  flow  of  mountain  streams.  The  three  forested  catchment  areas, 
which,  during  December,  experienced  a  run-off  of  but  5  per  cent,  of  the 
heavy  precipitation  for  that  month,  and  which  during  January  and 
March  of  the  following  year  had  a  run-off  of  approximately  37  per  cent. 
of  the  total  precipitation,  experienced  a  well  Sustained  stream  flow  three 
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Area  of  catchment 

Condition  as  to 

Precipitation 

Run-off  per 

basin 

cover 

mile 

Sq.  Mil»8 

Inches 

Acre^Feet 

0.70 

Forested 

46 

731 

■    1.06 

Forested 

46 

756 

1.47 

Forested 

46 

904 

.53 

Non-forested 

33 

1.192 

months  after  tbe  close  of  the  rainy  season.  The  non-forested  catchment 
area,  which,  during  December  experienced  a  run-off  of  40  per  cent,  of  the 
rainfall,  and  which  during  the  three  following  months  had  a  run-off  of 
95  per  cent,  of  the  precipitation,  experienced  a  run-off  in  April  (per 
square  mile)  of  less  than  one-third  of  that  from  the  forested  catchment 
areas,  and  in  June  the  flow  from  the  nonforested  area  ha^d  ceased  al- 
together." 

Annual  rainfall  and  run-off  on  forested  and  nonforested  catchment 
areas  in  the  San  Bernardino  Mountains,  Oalifomia: 

er  aa.    Run-ofT  ita  percent- 
age of  precipitation 

Per  Cent 

28 
30 
36 
69 

In  conclusion  it  may  be  stated  that  while  there  is  little  definite  scien- 
itflc  information  that  fdrests  increase  rainfall,  we  have  certain  srtiking 
instances  presented  where  the  rainfall  is  greater  on  adjacent  forested  areas 
than  on  those  that  are  denuded.  At  least  in  the  arid  regions,  it  may 
be  statem  that  the  total  annual  output  from  a  de-forested  drainage  basin 
is  greater  than  from  a  timbered  area,  but  that  the  regimen  of  the  stream 
is  distinctly  to  the  disadvantage  of  all  who  are  interested  in  the  use  of 
the  watered  resources  of  the  country,  whether  he  be  domestic  water 
supply  engineer,  irrigator,  or  water  power  investor.  From  the  denuded 
area  the  floods  are  greater  and  the  drought  is  more  intense.  To  remedy 
this  condition  one  naturally  turns  to  the  storage  reservoir  for  relief,  yet 
even  in  this  extremity  one  is  confronted  with  a^dverse  conditions.  The 
violent  flood  from  the  bare  basin  rushing  through  the  mountains  carries 
with  it  eroded  sediment  which  it  deposits  in  the  first  pool  of  still  water 
that  it  encounters.  The  result  is  the  reduction  of  the  storage  capacity 
of  the  reservoir  along  its  course.  Forests  are  the  natural  and  greatest 
storage  reservoirs  and  regulators  of  water  supply.  On  few  streams  do 
we  find  reservoir  capacities  even  approximating  the  total  annual  output 
of  the  drainage  basins  above  themi.  The  evaporation  from  storage 
reservoirs  is  usually  great,  often  equalling  20  per  cent,  of  their  capacity 
annually.  Accepting  the  facts  as  outlined  above,  the  great  imi)ortance 
of  preserving  the  forests,  particularly  in  the  semi-arid  regions  of  our 
country,  is  most  manifest.  In  Southern  California,  Arizona,  and  New 
Mexico,  particularly,  we  are  so  closely  bordering  on  a  condition  of  desert 
that  when  the  forest  is  once  destroyed  the  difficulty  of  reproducing  it 
renders  the  task  well  nigh  hopeless.  We  should  therefore  all  join  with 
the  Bureau  of  Forestry  in  its  efforts  to  save  the  forests  and  thus  store 
the  flood. 

REGIMEN    OF   CALIFORNIA    RIVERS. 

The  following  table  gives  the  mean  monthly  flow  of  nine  California 
streams  for  four  months  of  ^eatest  run-off  and  the  percentage  this  bears 
to  the  total  annual  run-off.  This  table  illustrates  the  great  importance  of 
the  Colorado  River  as  a  source  of  water  supply  for  irrigation.  A  study 
of  this  table  shows  that  this  stream  is  better  adapted  for  this  purpose 
than  any  other  in  California,  because  its  maximum,  flow  comes  nearer 
to  coinciding  with  the  season  of  greatest  need.  In  aifddition  to  this,  its 
waters  carry  a  large  amount  of  fertilizing  silt.  The  table  also  shows  the 
importance  of  storage  reservoirs  and  forest  cover  in  regulating  stream 
flow  particularly  in  Southern  California. 

Table  showing  the  Mean  Monthly  Flow  for  Four  Months  of  Greatest 
Run-Off  of  Nine  California  Streams  and  the  Percentage  this  bears  to  the 
Total  Annnual  Run-Off. 
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UNUSED  STORAGE  RESERVOIRS. 

The  mountains  and  foothills  of  Southern  California  are  usually  so 
precipitous  that  there  are  few  unused  reservoir  sites  where  the  storage 
capacity  .is  suflBcient  to  justify  the  expenditure  of  money  necessary  to 
construct  the  impounding  works.  The  capacity  of  the  sites  that  exist 
are  relatively  small.  In  some  instances  the  water  supply  in  insufficient 
to  fill  the  storage  basins.  Reservoir  sites  are  more  numerous  In  San 
Diego  and  Santa  Barbara  Counties. 

The  history  of  the  principal  reservoirs  that  have  been  constructed  in 
Southern  California  is  too  well  known  to  be  given  here.  I  will  mention 
briefly  some  reservoir  sites  that,  on  account  of  the  great  value  of  water 
are  worthy  of  consideration. 

WARNER    RANCH    RESERVOIR    SITE. 

This  site  is  located  on  the  San  Luis  Rey  River.  The  area  of  the 
water-shed  above  the  dam  site  is  210  square  miles,  all  to  the  east  of  the 
main  crest  of  the  coast  range.  The  estimated  capacity  of  this  reservoir 
is  193,200  acre-feet  on  the  100-foot  flow  line.  If  this  reservoir  had  been 
constructed,  it  would  probably  have  been  dry  or  nearly  so  for  a  number 
of  years  pasi.  The  Bscondido  Irrigation  District  has  the  prior  right  on 
this  stream.  A  gaging  station  has  recently  been  established  on  the  San 
Luis  Rey  River  near  Pala  that  will  determine  approximately  the  amount 
that  will  be  available  for  filling  the  Warner  Ranch  Reservoir.  The 
gaging  station  is  located  below  the  intake  of  the  Escondido  Irrigation 
District. 

ARROW  HEAD  RESERVOIR  SITES. 

The  Arrow  Head  Reservoir  Company  has  been  making  a  careful  study 
of  the  available  water  supply  on  the  head  waters  of  the  Mohave  River 
since  1892.  The  plan  of  this  company  contemplates  the  storage  of  the 
run-off  from  78  square  miles  of  mountain  water-she>d,  which  has  an  eleva- 
tion of  5,000  feet  or  over.  The  principal  reservoir  *;ite  is  located  at  Lit- 
tle Bear  Valley.  The  construction  of  the  dam  at  this  point  is  now  under 
way.  The  capacity  of  this  site  at  160  feet  above  the  stream  bed  is  60,179 
acre  feet. 

Two  other  reservoirs  are  contemplated,  one  at  Grass  Valley,  with  a 
capacity  of  27,547  acre-feet,  and  another  at  Huston  Flat,  with  a  capacity 
of  24,753  acre-feet.  The  plan  contemplates  the  diversion  of  the  water 
from  these  reservoirs  into  the  San  Bernardino  Valley.  The  tunnels  on 
the  diversion  line  have  been  completed.  The  stream  measurements  that 
have  been  made  by  the  Arrowhead  company  have  not  been  made  public. 
While  they  have  been  disappointing  they  are  said  to  Justify  the  con- 
struction of  the  main  reservoir. 

VICTORVILLE   RESERVOIR  SITE. 

This  site  is  located  on  the  Mohave  River  in  San  Bernardino  County, 
just  above  the  town  of  Victorville,  California.  The  main  line  of  the 
Atchinson,  Topeka  &  Santa  Fe  Railway  passes  through  the  reservoir 
and  through  the  gorge  at  the  dam  site.  Before  this  reservoir  couild  be 
utilized  5%  miles  of  new  track  would  have  to  be  built.  This  Is  without 
doubt  the  most  capacious  reservoir  site  in  Southern  California.  The 
capacity  has  been  estimated  at  390,000  acre-feet  at  a  point  145  feet 
above  the  stream  bed.  The  Geological  Survey  established  a  gaging 
station  at  this  point  on  February  27,  1899.  The  average  flow  from  1900 
to  1904,  inclusive,  has  been  62,948  acre-feet.  The  underflow  has  been 
determined  by  the  Geological  Survey  to  be  about  one  seoond-foot. 
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DISCHARGE  OF  MOHAVE   RIVER  AT  VICTORVILLE,  CAL. 

Year  Acre-feet 

1900  32.204 

1901  103,820 

1902  36,756 

1903  107,842 

1904  34,121 
Mean                                              62,948 

LA   CANADA    RESERVOIR    SITE. 

A  reservoir  site  exists  on  the  La  Canada  above  its  junction  with 
the  Arroyo  Seco^  Los  Angeles  County.  This  site  has  a  capacity  of  3200 
acre-feet  at  the  90-foot  flow  line.  The  drainage  area  tributary  to  the 
site  is  27.6  square  miles.  Some  water  could  be  obtained  by  diverting  the 
flood  flow  of  the  Arroyo  Seco  to  it,  but  these  waters  are  now  nearly  ab- 
sorbed by  the  gravel  beds  above  Devil's  Gate  and  are  then  collected  by 
the  City  of  Pasadena.  In  wet  years  this  reservoir  might  be  filled  and  its 
water  used  to  supplement  existing  supplies  for  the  City  of  Pasadena,  and 
thus  be  used  to  conserve  the  water  storeid  in  the  gravel  beds  and  save 
on  pumping  bills. 

TRIUMFO  AND  MALIBU    RESERVOIR  SITES. 

Reservoir  sites  of  considerable  value  exist  on  these  streams.  The 
water  from  these  reservoirs  could  be  used  to  partly  supply  the  lower  foot- 
hill lands  from  Hollywood  to  Santa  Monica,  by  a  gravity  system  of  con- 
duits. 

RESERVOIR  NO.  1: 

The  drainage  area  above  Reservoir  No.  1  is  68  square  miles  of  low 
mountains.  The  rainfall  has  not  been  measured.  To  meet  drought  con- 
ditions the  reservoir  capacity  should  be  large  enough  to  hold  a  three  years 
supply  so  as  to  hold  over  from  years  of  plenty  to  years  of  drought.  The 
flood  waters  from  these  streams  waste  into  the  ocean  west  of  Santa  Mon- 
ica. A  gaging  station  has  been  established  by  the  Geological  Survey  to 
measure  the  stream  discharge.  A  dam  100  feet  high  would  be  about  20 
feet  Ions  at  the  base  and  150  feet  on  top,  and  it  is  roughly  estimated  would 
hold  21,000  acre-feet  of  water.  This  is  an  unusual  dam  and  reservoir  site 
for  Southern  California.  It  is  reported  that  a  dam  is  now  being  built  near 
the  head  of  this  stream  to  store  flood  water  for  local  irrigation 

RESERVOIR  NO.  2: 

This  site  would  command  the  same  canal  line  as  No.  1.  The  drainage 
area  above  this  site  is  37  square  miles  of  similar  country  as  that  above 
No.  1.  A  gaging  station  has  also  been  located  upon  this  creek.  The  dam 
should  be  built  so  as  to  hold  a  three  years'  supply.  These  flood  waters 
now  waste  into  the  Pacific.  A  dam  140  feet  high  would  be  about  50  feet 
long  at  base  and  450  feet  long  on  top,  and  have  a  capacity  roughly  estim 
ated  at  9000  acre-feet,  or  416  miner's  inches,  for  six  months'  flow. 

ESTIMATED    MONTHLY    DISCHARGE   OF    MALIBU    CREEK    BELOW 
THE  MOUTH  OF  THE  TRIUMFO  NEAR  CALABASAS, 

CAL.,  FOR  1903-04. 

(Drainage   area  97   square   miles.) 

1903  Total  in  Acre-feet 

Jan.  523 

Feb.  872 

Mar.  2,828 

Apr.  7,188 

May  578 

June  327 

—    9     — 


1904 

Total  in  Acre-feet. 

Jan. 

307 

Feb. 

316 

Mar. 

424 

Apr. 

179 

May 

135 

June 

89 

July  160  July                                                  

Aug.  A.ug.  

Sept.  Sept.  

Oct.                                                Oct.  61 

Nov.  119  Not.  71 

Dec.  252  Dec.  301 


Tlie    Period  12,»47      The  Period  1,883 

ESTIMATED  MONTHLY  DISCHARGE  OF  TRIUMFO  CREEK  NEAR 

CALABASAS,  CAL.,  POR  1903-04. 

Total  In  Acre-feet. 

184 
178 
295 
104 
37 


(Drainage 

Area  72 

Square  Miles.)' 

1903 

Total 

in 

Acre-feet. 

1904 

Jan. 

203 

Jan. 

Feb. 

644 

Feb. 

Mar. 

1,691 

Mar. 

Apr. 

3,570 

Apr. 

May 

461 

May 

June 

208 

June 

July 

123 

July 

Aug. 

Aug. 

Sept. 

Sept. 

Oct. 

Oct. 

Nov. 

36 

Nov. 

Dec. 

123 

Dec. 

The  Period  7.059      The  Period  798 

PIRU  CREEK  RESERVOIR  SITES. 

There  are  two  reservoir  sites  on  Piru  Creek  in  Ventura  County.  This 
creek  is  a  tributary  of  the  Santa  Clara  River.  Its  summer  flow  is  diverted 
for  irrigation  in  the  Piru  Canyon  and  near  Piru  City.  The  impounded 
flood  water  could  be  conveyed  down  the  Santa  Clara  Valley.  A  large 
amount  of  flood  water  runs  to  waste  from  this  water-shed.  One  site 
known  as  the  Piru  Reservior,  is  located  at  the  junction  of  Rays  and 
Lockwood  Creek.  A  dam  140  feet  high  woulrd  furnish  a  capacity  of  13,160 
acre-feet.  The  other  reservoir  is  located  at  Lockwood  Valley  on  Lock- 
wood  Creek.  A  dam  here  125  feet  high  would  give  a  capacity  oif  14,857 
acre-feet.  The  drainage  areas  tributary  to  these  sites  are  139  and  55 
square  miles,  respectively.  The  drainage  area  is  all  above  4,000  feet  ele- 
vation, and  a  portion  of  it  Is  over  5,400  feet.  The  precipitation  in  the 
Piru  basins  was  about '75  per  cent,  of  that  in  the  San  Gabriel.  The  flow 
of  Piru  Creek  occurs  largely  in  flood  waves.  In  mid-summer  it  is  but  a 
few  inches  and  during  the  winter  season  floods  of  6,000  secon»d-feet  have 
been  measured  at  the  Piru  dam  sites.  Because  of  dry  years  these  sites 
should  be  so  managed  as  to  hold  over  water  from  wet  years.  Measure- 
ments of  stream  flow  have  been  made  by  the  Antelope  Valley  Water  Co. 

RESERVOIR   SITES   IN   THE   SANTA   YNEZ   DRAINAGE   BASIN    IN 

SANTA   BARBARA   COUNTY. 

There  are  five  reservoir  sites  located  in  this  basin  that  have  been 
surveyed  and  their  capacities  determined.  These  are  the  Juncal,  drain- 
age area  13  square  miles,  capacity  at  100  foot  flow  line,  3,222  acre-feet; 
Main  River,  drainage  area  71  square  miles,  cap^icity  of  65  foot  dam  4,023 
acre-feet;  Mono  reservoir  site,  drainage  area  119  square  miles,  total 
capacity  at  100  ft.  flow  line  8,763  acre-feet;  Quicksilver  Mine  Reservoir 
site,  capacity  at  90  ft.  flow  line  10,577  acre-feet;  Gibraltar  reservoir  site, 
located  6  miles  below  the  mouth  of  Mono  Creek  on  the  Santa  Ynez 
River,  drainage  area  207  square  miles,  capacity  at  140  ft.  flow  line  15,793 
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acre-feet  Tbis  site  is  below  all  the  others.  The  discharge  of  the  Santa 
Ynez  river  is  in  floods,  as  in  the  case  of  other  Southern  California 
streams.  It  is  estimated  that  owing  to  prospective  drought  conditions 
provision  for  a  19  months  supply  should  be  made.  The  stream  flow  has 
been  measured  now  for  three  seasons  and  clearly  indicates  that  on  this 
basis  the  full  capacity  of  at  least  the  Gibraltar  site  could  be  safely  used, 
yielding  a  continuous  flow  of  650  miner's  inches  on  the  above  assump- 
tion. This  woul»d  supply  the  city  and  leave  600  inches  of  water  for  irriga- 
tion. The  water  will  have  to  be  conveyed  in  a  tunnel  four  miles  long 
under  the  coast  range.  This  tunnel  is  now  being  built  by  the  City  of  Santa 
Barabara  an  dthe  reservoir  site  has  been  purchased. 

The  following  measurements  of  discharge  have  been  made: 

1902-03  21,200  acre-feet 

1903-04  4,194  acre-feet 

1904-05.  57,127  acre-feet 

For  particulars  In  regard  to  the  reservoir  sites  mentioned  above,  see 
Water-Supply  and  Irrigation  Paper,  No.  116. 

STORAGE  OF  WATER  IN  UNDERGROUND  RESERVOIRS. 

In  April  and  May,  1903,  a  series  of  measurements  were  made  by  the 
U.  S.  Geographical  Survey  to  determine  the  amount  of  storm  water  being 
absorbed  in  the  sand  and  gravel  washes  of  the  larger  tributary  streams  of  the 
three  principal  river  basins  of  Southern  Califomia,  viz,  the  Santa  Ana, 
San  Gabriel,  and  Los  Angeles  Rivers.  Measurements  were  taken  at  the 
monthe  of  the  canyons  where  the  streams  leave  the  mountains,  at  all 
canal  diversions,  an»d  at  such  intervals  along  the  streams  as  time  and 
the  available  force  detailed  for  this  work  would  allow,  the  location  of  the 
point  where  the  stream  entirely  disappeared  or  left  the  valley  being 
noted  in  all  cases. 

STORM    WATER    DISCHARGED   FROM    TRIBUTARY   STREAMS    AND 

SINKING  IN  THE  LOS  ANGELES   RIVER   BASIN 

ABOVE   BURBANK,  GAL. 

(Discharge  for  24  hours.) 

STREAM  ACRE-FEET 

biKiiAM  Diversions        Waste         Total 

April   18,  1903 
Big  Tujunga 
Little  Tujunga 
Pacoima 


Total 

Big  Tujunga 
Little  Tujunga 
Pacoima 

Total 


Big  Tujunga 
Little  Tujunga 
Pacoima 


May  5.  1903 


June  4,  1903. 


311 

54 

194 

559 

73 

8 

48 

129 

18 

1 

10 

311 

54 

194 

659 

73 

8 

48 

129 

6 

24 
1 

6 

16 

Total  12  29  41 
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STORM    WATER    DISCHARGED   FROM  (TRIBUTARY   STREAMS   AND 

SINKING   IN   THE  SAN    GABRIEL   BASIN 
ABOVE    EL   MONTE,  CALIFORNIA. 

(Discharge  for  24  hours.) 


STREAM 

April  26,  1903 
San  Gabriel 
San  Dimas 
Dalton 
Santa  Anita 
.  Eaton  Canyon 

Total 

May  23,  1903 
San  Gabriel 
San  Dimas 
Dalton 
Santa.  Anita 
Eaton  Canyon 

Total 


ACRE-PEET 

PASSING  EL  MOm 

Diversion 

Waste 

Total 

Acre-feet 

79 

665 

644 

454 

•    • 

38 

38 

•    •    •    • 

•    • 

18 

18 

•    •    •    • 

•    • 

79 

79 

•    •    •    ■ 

•    • 

57 

57 

•    •    ■    • 

79 

757 

836- 

454 

139 

192 

331 

1 

4 

5 

2 

3 

5 

6 

20 

26 

6 

6 

12 

154 

225 

379 

•   •    •   • 

STORM  WATER  DISCHARGED  FROM  TRIBUTARY  STREAMS  AND 

SINKING   INTO  THE   SANTA  ANA   RIVER   BASIN 

ABOVE  COLTON,  CALIFORNIA. 

(Discharge  for  24  hours.) 


STREAM 


Santa  Ana 
Mill  Creek 
Plunge  Creek 
City  Greek 
East  Twin  Creek 
West  Twin  Creek 
Lytle  Creek 


April  24,  1903 


Total 


Santa  Ana 
Mill  Creek 
Plunge  Creek 
City  Creek 
East  Twin  Creek 
West  Twin  Creek 
Lytle  Creek 

Total 


May  16.   1903 


ACRE-FEET 

Diversions 

Waste 

Total 

32 

230 

262 

10 

67 

77 

•    • 

46 

46 

•    • 

44 

44 

•    ■ 

20 

20 

•    • 

17 

17 

14 

111 

125 

56 

535 

591 

93 

95 

188 

97 

38 

135 

12 

6 

18 

14 

8 

22 

4 

6 

10 

4 

4 

8 

30 

28 

58 

254 


185 


439 


These  gravel  beds  are  the  natural  and  most  available  storage  reser- 
voirs in  Southern  California. 

There  is  a  demand  for  all  water  that  can  be  developed  or  conveyed 
to  Southern  California.  Our  arid  lands  are  far  in  excess  of  our  water 
supply.    I  believe  that  we  have  now  over-developed  the  underground  sup- 
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plies.  Practically  all  the  unuised  storage  reservoirs  of  value  in  Southern 
California  have  been  mentioned  above  and  they  are  all  urgently 
needed  to  meet  local  demands,  and  practically  all  will  be  built.  While  I 
oan  not  here  present  the  details  of  a  plan  to  meet  this  situation  in  and 
around  the  City  of  Los  Angeles,  I  feel  safe  in  saying  that  it  can  and  will 
be  properly  met,  and  though  the  cost  will  be  high  it  can  be  made  a  pay- 
ing business  proposition.  We  should  rather  obtain  and  control  a  new 
supply  than  take  by  condemnation  neighboring  waters  now  required  and 
used. 

Chairman  pro  tern  Boothe:  The  chairman  of  the  committee,  Prof.  A. 
J.  Cook,  has  arrived  and  will  now  take  the  chair. 

Chairman  Cook:  Ladles  and  Gentlemen,  I  regret  exceedingly  my  late 
arrival,  which,  I  assure  you,  is  entirely  involuntary  and  is  due  to  the  ir- 
regularity of  the  "Santa  Fe  Ferry"  in  this  glorious  down  pour  which  we 
are  getting  this  morning. 

Discussion  on  the  excellent  paper  which  has  just  been  read  will  be 
deferred  for  the  present.  We  will  now  listen  to  a  paper  by  W.  C.  Men- 
denhall  of  the  U.  S.  Geological  Survey  on  the  topic 

UNDERGROUND  WATER  SUPPLY  OF  SOUTHERN  CALIFORNIA 

Introduction. 

This  Water  Congress  has  been  calle^d  by  the  Los  Angeles  Chamber  of 
Commerce  in  order  to  promote  a  full  discussion  of  the  water  situation  in 
Southern  California.  By  such  a  discussion  it  is  hoped  that  we  may  reach 
an  understanding  of  the  conditions  governing  the  supply  of  that  resource 
which  is  fundamental  to  all  our  growth  and  that  we  may  so  shape  our 
future  policy  as  to  conserve  and  utilize  this  resource  to  the  best  possible 
advantage.  By  bringing  together  representatives  of  the  various  citiee 
and  communities  in  this  common  quest,  we  foster  the  sense  of  kinship  and 
advance  the  principles  of  co-operation,  so  necessary  in  modern  times  to 
the  accomplishment  of  any  worthy  en^d. 

In  arid  and  semi-arid  regions,  growth  is  controlled  by  water  supply, 
so  that  water  becomes  the  essence  of  the  communities'  existence.  It  is 
therefore  most  appropriate  that  meetings  like  this  should  be  called  from 
time  to  time,  so  that  experiences  may  be  compared,  ways  and  means 
for  conserving  and  increasing  the  supply  discussed,  mutual  understand- 
ings reached  where  interests  conflict — in  short,  so  that  each  may  profit 
by  the  experience  of  all. 

We  need  waste  no  words  in  this  center  of  advanced  hydraulic  engin- 
eering and  careful  irrigation  practice  upon  the  value  of  the  product 
which  we  are  here  to  discuss.  Our  presence  proves  that  we  understand 
that.  A  valley  which  supports  400,000  people  upon  225,000  acres  of  ir- 
rigated land  and  will  support  five  times  that  many  in  the  near  future, 
may  be  expected  lo  know  the  worth  of  a  drop  of  water. 

What  we  desire  today  is  to  reach  a  thorough  understanding  of  the 
sources  an»d  the  quantity  of  our  supply,  the  posj^ibilities  of  increasing  it, 
or  utilizing  it  to  better  advantage,  so  that  we  may  plan  for  the  future 
along  such  carefully  determined  lines  that  the  very  utmost  may  be  made 
of  our  resources  without  exhausting  them.  We  wish  the  best  possible 
present  for  Southern  California,  and  the  best  possible  future.  Neither 
should  be  neglected  for  the  benefit  of  the  other  nOr  developed  at  its 
expense. 

INCREASED   UTILIZATION   OF  WATERS. 

As  Southern  California  emerged  from  its  quiet  pastoral  life  with  the 
Incoming  of  the  great  railways,  and  slowly  awakened  to  a  sense  of  its 
possibilities  with  irrigation,  the  surface  waters  diverted  first  from  the 
convenient  areas  of  low-lying  moist  lan^d,  whence  ditches  could  be  con- 
structed at  little  cost,  and  later  from  the  mountain  canyons,  where  more 
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expensive  construction  was  reguired,  came  gradually  to  be  very  fully- 
utilized.  By  1880  the  available  flowing  waters  had  been  generally  diverted, 
and  the  limit  seemed  to  have  been  reached  to  the  amount  of  land  re- 
claimable  from  this  important  source;  but  the  stimulus  of  the  very  high 
values  reached  by  the  citrus  lands,  and  the  comparatively  small  acreagre 
under  cultivation,  as  compared  with  tha/t  reclaimable  if  water  were 
available,  combined  to  induce  a  most  thorough  examination  of  all 
possible  sources. 

Two  possibilities  proved  sufficiently  attractive  to  invite  the  attention 
of  capital  and  skilled  service.  The  first  of  these  was  the  storage  of  flood 
waters,  whose  escape  to  the  sea  during  heavy  winter  rains  has  always 
been  a  source  of  deep  regret  to  irrigators.  The  second  was  the  recovery 
of  underground  waters,  stored  in  the  subterranean  basins  or  percolatincr 
seaward  through  the  sands  and  gravels  beneath  the  stream  channels. 

The  generally  constricted  character  of  the  San  Bernardino  and  San 
Gabriel  mountain  canyons  has  been  unfavorable  to  the  construction  of 
reservoirs.  Actually  but  two  important  projects  have  been  completed; 
the  Bear  Valley  dam,  whose  stored  waters  have  added  the  flourishing 
Redlands  colony  to  the  reclaimed  areas;  and  the  Hemet  Dam,  lesa  favor- 
ably situated  as  regards  rainfall,  and  less  successful  therefore  in  the 
matter  of  acreage  redeemed.  Another  project,  the  Arrowhead,  is  undor 
way  after  years  of  patient  observation  of  rainfall  and  run-oft,  hence 
eventually  there  will  be  a  further  addition  to  the  waters  conserved  in 
this  way. 

PARTICULAR  IMPORTANCE  OF  THE  UNDERGROUND  WATERS. 

The  possibilities  for  the  development  of  underground  waters  have 
proven  much  greater.  It  had  been  found  in  the  sixties  and  early  seventies 
that  artesian  waters  could  be  secured  from  many  of  the  moist  land  areas, 
and  under  the  spur  of  the  rapl'd  growth  of  the  eighties  and  of  the  past 
few  years  and  because  of  the  drought  of  the  last  decade,  these  under- 
ground waters  have  been  extensively  developed  until  now  they  are  by 
far  the  most  important  single  source  of  irrigation  water  in  this  part  of 
the  state.  The  developments  have  revealed  fourteen  or  fifteen  artesian 
basins  underlying  lands  whose  extent  at  the  close  of  the  wet  decade  end- 
ing with  1894  was  about  375  square  miles,  or  somewhat  more  than  the 
total  irrigated  acreage  at  present.  Much  development  of  ground  waters 
has  also  taken  place  without  the  artesian  areas,  the  increasing  value  of 
the  lands  and  crops,  the  discovery  of  a  cheap  fuel  oil,  the  perfection  of 
the  gasoline  engine  and  the  introduction  of  electrical  power,  making  it 
perfectly  feasible  to  irrigate  with  pumped  waters. 

The  result  to  date  of  this  activity  has  been  the  investment  of  nearly 
|5,(KK),000  in  11,000  wells  and  their  installation.  Nearly  3,000  of  these 
wells  are  artesian  at  the  present  time,  about  1600  are  equipped  with 
pumping  plants,  anrd  the  remainder  are  smaller  domestic  wells.  The  total 
yield  from  these  wells  which  are  used,  in  irrigation  is  estimated  to  be 
from  400  to  500  second  feet,  while  the  surface  water  thus  used  during  the 
period  of  minimum  flow  in  midsummer,  amounts  to  but  half  as  much.  The 
importance  of  the  underground  waters  in  Southern  California  may  be 
realized  from  these  figures. 

CONTROLLING    GEOLOGIC    CONDITIONS. 

The  geological  conditions  which  have  nmde  possible  such  extensive 
and  valuable  subterranean  storage  are  worthy  of  a  brief  sketch.  The  di- 
versified lowland  which  constitutes  the  valley,  of  Southern  California 
may  be  best  described  as  a  series  of  deep  irregular  crystal  troughs,  par- 
ellel  to  each  other  and  to  the  Pacific  shoreline,  plunging  to  the  northwest 
and  abutting  in  this  direction  against  the  granitic  San  Gabriel  range.    At 
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the  foot  of  this  range  the  ridgea  separating  the  troughs  are  lowest,  and 
here  a  practically  continuous  valley  extends  from  Santa  Monica  to  San 
Bernardino.  Farther  south  the  separating  ridges  rise  higher,  and  the 
valley  is  broken  by  mountain  chains  and  groups.  As  these  troughs  and 
their  separating  ridges  have  been  formed  by  geologic  processes,  the  rivers 
have  maintained  their  way  across  them  from  the  higher  mountains  where 
they  rise,  to  the  sea,  and  in  maintaining  these  courses  have  cut  canyons 
in  the  ridges  and  have  filled  the  troughs  with  sands,  gravels  and  clays 
that  are  products  of  their  erosive  action.  The  result  is  a  series  of  deep 
valleys  filled  with  alluvium,  across  which  the  rivers  flow.  These  great 
filled  depressions,  whose  gravels  are  kept  saturated  by  the  waters  which 
flow  over  them*  are  nature's  storage  reservoirs.  They  are  the  basins 
whence  the  water  has  been  drawn  that  has  carried  this  part  of  the  State 
so  successfully  through  the  past  ten  years  of  rdrought,  and  has  enabled  it 
to  continually  Increase  its  acreage  during  this  trying  period. 

HIDE   AND  SEEK    RIVERS. 

It  is  these  basins  which  give  to  the  rivers  the  hide  and  seek,  habit 
which  is  characteristic  of  them  all.  The  Santa  Ana  flows  as  a  surface 
stream  from  its  upper  canyon  and  sinks  at  once  in  the  coarse  debris 
above  Redlands.  It  is  forced  to  the  surface  again  at  Bunker  Hill,  sinks 
after  it  has  passed  the  "dike"  there,  is  forcetl  out  again  at  Riverside 
Narrows,  sinks  again  in  its  wash  above  and  below  Yorba,  and  partly  rises 
once  more  in  the  strong  peatland  springs  between  Santa  Ana  an*d  the 
Coast. 

The  San  Gabriel  likewise  sinks  as  it  emerges  from  its  upper  canyon, 
is  forced  to  the  surface  at  it  passes  through  the  Paso  de  Bartolo,  sinks  in 
the  Coastal  plain  below,  and  rises  finally  in  the  sloughs  and  springs  of 
Alamitos. 

The  Los  Angeles  river  waters  sink  at  the  nnouths  of  the  various  rock 
canyons  which  enter  San  Fernando  Valley;  rise  in  the  narrows  above  the 
city,  sink  in  the  costal  plain  below,  and  rise  in  the  springs  at  the  head  of 
Ballona  Creek  and  in  the  marshes  near  Long  Beach. 

Thus  the  circulation  goes  on,  a  part  of  it  at  the  surface,  visible,  con- 
centrated, relatively  rapid,  another  part  below  the  surface,  hidden, 
diffuse^d,  and  relatively  slow.  The  points  where  the  waters  are  forced 
to  the  surface  are  the  points  where  the  principal  canals  head.  They  re- 
ceive the  waters  here,  filtred,  protected  from  contamination  and  evapora- 
tion by  their  underground  Journey,  and  Issuing  in  constant  volume,  the 
gravels  acting  as  great  regulators  as  well  as  in  the  capacity  of  storage 
reservoirs. 

The  regulating  effect  which  these  deep  gravel  filled  basins  have  upon 
the  underground  circulation  is  like  that  of  a  string  of  lakes  upon  the  flow 
of  a  great  stream  through  them.  Engineers  understand  that  however 
violent  the  floo^ds  may  be  at  the  head  of  such  a  stream,  the  flow  from  the 
last  of  the  lakes  will  be  practically  constant.  The  volume  of  water  at 
Niagara  does  not  vary  because  of  floods  at  Duluth.  So,  the  volume  of 
springs  near  the  sea  will  show  no  change  because  of  cloudbursts  in  the 
San  Bernardino  Mountains,  although  the  latter  waters  may  eventually 
issue  at  the  springs. 

SOURCE  OF  THE  UNDERGROUND  WATERS. 

It  will  be  clearly  understood  from  this  outline  that  the  underground 
waters,  as  well  as  the  surface  waters,  are  merely  a  part  of  the  rainfall 
on  its  return  journey  to  the  sea.  The  theories  frequently  advanced  to  the 
effect  that  the  abundant  underground  waters  in  this  part  of  the  state  may 
be  oceanic  waters  drawn  inland  by  some  mysterious  exaggeration  of  the 
law  of  capillarity,  and  freed  of  their  salt  en  route,  or  that  they  may  be 
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Colorado  river,  or  Sierra  or  Mohave  Desert  waters,  which  have  penetrated 
hundreds  of  miles  of  rock  of  such  a  character  as  to  make  a  most  efficient 
dam  when  but  a  fewi  feet  thick,  can  have  no  possible  basis  in  fact.  They 
usually  result  from  attempts  to  aocount  for  phenomena  which  are  not 
understood^  by  an  explanation  which  does  not  explain. 

The  water  in  the  deep  basins  filled  with  saturated  alluvium  whicli 
constitutes  the  underground  supplies  from  which  we  are  drawing,  repre- 
sents long  continued  accumulation.  The  rainfall  of  one  season  or  of  many 
seasons  would  not  be  sufficient  to  refill  these  basins  were  they  drained. 
Actually  the  water  has  probably  accumulated  there  as  the  alluvium  itself 
has  been  deposited  in  the  troughs. 

PHENOMENA   OF   DECLINE. 

During  the  last  few  years  eepecially,  water  users,  dependent  upon  the 
underground  sources,  have  observed  phenomena  which  have  caused  some 
anxiety.  The  large  irrigating  and  domestic  companies  have  been  affected 
through  the  lessened  fiow  of  surface  streams  upon  which  they  formerly 
depended  for  a  large  part  of  their  supply,  or  through  the  diminished 
yield  of  wells  and  the  necessity  of  installing  pumping  plants  where  orig- 
inally naturally  flowing  waters  sufficed. 

Local  users,  ranchers  and  others  have  found  that  lands  formerly 
moist  enough  for  pasture  and  ordinary  crops  are  now  dry  and  require 
Irrigation,  and  that  domestic  wells  must  be  frequently  deepened  in  order 
to  follow  the  declining  ground  water.  In  some  cases  the  question  ot 
supply  is  becoming  acute,  and  the  increased  cost  of  water  almost  pro- 
hibitive for  certain  crops  in  unfavorable  localities. 

In  the  region  about  Redlands  and  San  Bernardino,  the  Survey  has  found 
an  average  decline  of  somewhat  more  than  15  feet,  in  each  of  75  wells, 
during  the  four  years  from  1900  to  1904,  Among  the  75  wells  are  a  few 
in  which  the  water  has  risen  and  others  in  which  the  loss  has  been  as 
much  as  50  or  60  feet.  Even  greater  losses  are  reported  in  some  of  the 
wells  along  the  foothills  eastward  from  here,  while  in  still  other  areas 
there  has  been  no  loss  or  even  a  slight  gain.  Each  community,  there- 
fore, has  special  conditions  of  its  own,  depending  upon  its  situation  in 
relation  to  supply,  and  upon  the  amount  of  development  which  has  taken 
place  in  It.  Where  the  tributary  drainage  basin  is  large  and  compar- 
atively little  development  has  taken  place,  conditions  are  excellent.  Where 
the  tributary  drainage  basin  is  small  and  development  has  been  intense, 
conditions  are  much  less  satisfactory  and  it  is  in  such  communities  that 
development  must  cease  and  remedial  action  be  taken. 

The  total  area  of  artesian  water  bearing  lands  in  this  part  of  the 
state  has  decreased  from  375  square  miles  to  about  250.  E-verywhere 
except  in  the  lowest  most  favorably  located  parts  of  the  basins,  individual 
artesian  wells  have  decreased  in  yield.  Without  the  artesian  areas,  a 
marked  lowering  of  the  water  plane  has  been  observed  at  many  points. 
This  may  be  slight  in  some  localities,  in  others  as  much  as  60  or  70  feet 
in  the  past  four  years  is  of  record.  These  admitted  conditions  call  for 
investigation.  In  order  that  we  may  shape  our  future  policy  intelligently 
it  is  essential  that  we  understand  the  cause. 

RAINFALL. 

Naturally  we  appeal  at  first  to  the  low  rainfall  of  the  past  eleven 
years  as  the  potent  factor  in  this  decline.  The  oldest  rainfall  records 
which  we  have  in  this  part  of  the  state  are  those  which  have  been  kept 
here  in  Los  Angeles  and  at  San  Bernardino.  The  Loe  Angeles  record  ex- 
tends through  27  winter  seasons,  exclusive  of  the  present,  which  is  not 
yet  complete.  The  average  for  that  time  is  15.35  inches.  The  San  Ber- 
nardino record  covers  34  winter  seasons,  and  the  average  there  is  15.06 
inches. 
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Expert  meterologlstB  tell  us  that  a  rainfall  record  which  extends  over 
a  period  of  35  years,  gives  us  an  average  which  is  within  2.  per  cent,  of  the 
correct  final  average.  For  all  practical  purposes  then  this  San  Bernardino 
record  may  be  accepted  as  the  correct  final  average  for  that  place,  and  as 
the  precipitation  for  Los  Angeles  is  substantially  identical,  conclusions 
reached  from  a  study  of  the  San  Bernardino  conditions  will  apply  here. 
Furthermore,  these  cities  have  a  rainfall  less  than  that  of  the  mountain 
areas  and  greater  than  that  of  the  valleys  at  a  greter  distance  from  the 
base  of  the  main  ranges.  They  may  be  assumed  therefore  to  represent 
practically  the  average  conditions  for  this  entire  region. 

It  is  of  interest  to  note  in  the  San  Bernardino  record  that  the  average 
for  the  last  eleven  seasons,  beginning  with  that  of  1893-4  has  been  but  12.15 
inches,  nearly  twenty  per  cent,  less  than  the  general  average,  while  for 
the  ten  preceding  seasons  the  average  was  20.11  inches,  or  more  than  33^ 
per  cent,  above  the  general  average.  The  fact  that  the  last  decade  has 
been  one  of  low  rainfall  is  very  generally  recognized,  but  it  is  not  by  any 
means  so  clearly  understood  that  the  preceding  decade,  with  which  the 
last  is  usually  compared,  was  one  of  great  excess.  This  decade  included 
the  phenomenal  season  of  1883-4  with  a  precipitation  of  37.5  inches,  12 
inches  more  than  that  of  any  other  single  season  in  the  34  years,  and 
probably  much  the  wettest  winter  in  a  half  century.  The  dryest  season  in 
the  record  Is  that  of  1898-9  with  a  rainfall  of  7:49  inches,  but  half  of  the 
average,  and  the  dryest  group  of  three  years  was  that  ending  with  the 
winter  of  1899-00,  with  an  average  of  8.12  inches.  The  average  for  the 
four  seasons  just  preceding  the  present  one  is  13.8  inches,  8  per  cent,  less 
than  the  general  average. 

It  is  also  perhaps  not  clearly  understood  that  In  countries  of  low 
rainfall  there  will  be  more  seasons  below  the  average  than  above  it.  The 
less  the  average  rainfall,  the  greater  this  preponderance  of  dry  seasons. 
With  an  average  of  fifteen  inches  as  at  San  Bernardino,  the  preponderance 
is  not  great,  there  having  been  eighteen  seasons  below  and  sixteen  above 
during  the  past  thirty-four  years.  The  Los  Angeles  record  of  27  years 
includes  16  years  below  the  average  and  11  above.  At  San  Diego,  with 
an  average  of  about  9.5  inches,  there  have  been  twenty-nine  seasons  below 
this  average  and  twenty-five  above  it  during  the  past  fifty-four  winters. 
This  condition  arises  from  the  fact  that  where  the  rainfall  Is  low,  the 
occasional  very  wet  winter  gives  an  excess  of  precipitation  equal  to  or 
even  above  the  whole  amount  of  the  average,  while  there  are  no  seasons 
with  an  equally  great  deficiency.  So  that  more  than  one  winter  of 
minimum  rainfall  is  required  to  balance  a  winter  of  m^aximum.  To  il- 
lustrate this:  during  the  season  of  1883-4,  37.51  inches  fell  at  San  Ber- 
nardino. The  lowest  winter  of  which  we  have  record  is  that  of  1898-9 
with  a  rainfall  of  7:49  Inches.  The  first  was  22.45  inches  above  the  aver- 
age, the  other  but  7.57  inches  below,  so  that  nearly  three  years  of  this 
mininMim  would  have  to  be  combined  with  one  of  the  maximum  to  give 
the  average.  There  cannot  b6  a  deficiency  of  more  than  15.06  inches, 
while  there  is  no  limit  mathematically  to  the  excess. 

DECLINE  ONLY  PARTLY  DUE  TO  DROUGHT. 

This  examination  of  the  rainfall  records,  substantiates  fully  the  claim 
that  we  have  just  passed  through  a  particularly  dry  period.  Such  a 
period  is  without  doubt  accountable  for  much  of  the  shrinkage  which  has 
been  observed.  At  the  same  time  it  complicates  the  problem  of  determ- 
ing  what  the  eftect  of  the  extensive  development  of  the  past  decade  has 
been.  We  have  admltedly  a  falling  water  plane  and  shrinking  artesian 
areas.  Either  of  two  forces,  the  drought  and  the  development  might  have 
brought  about  this  result.  It  Is  highly  Important  to  us  to  know  to  what 
extent  each  is  responsible.  In  an  attempt  to  reach  a  solution  of  this 
problem  we  have  been  greatly  aided  by  observations  carried  out  at  a  few 
points  in  Southern  California. 
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Mr.  Neff,  at  Anaheim,  has  kept  systematic  record  at  fluctuations  of 
water  plane  there  since  Feb.  1S98.  The  Gage  Canal  Ca  of  Riverside  has 
kept  a  similar  set  of  records  -upon  one  of  their  wells  since  1892.  Mr. 
Johnson  at  San  Bernardino  has  observed  for  a  shorter  period,  and  others, 
here  and  there  have  made  occasional  measurements. 

An  examination  of  the  profile  constructed  from  Mr.  Neff's  measure- 
ments show  that  the  decline  in  water  level  was  steady  and  uninterrupted 
during  the  three  very  dry  years  which  preceded  and  included  the  winter 
of  1899-1900.  The  succeeding  winter  was  one  in  which  the  rainfall  at 
Anaheim^  at  I^s  Angeles,  and  at  San  Bernardino,  was  somewhat  in  excess 
of  the  normal,  the  excess  varying  from  9  per  cent,  at  Los  Angeles  to  28 
per  cent,  at  Anaheim. 

During  the  early  part  of  that  season,  the  Anaheim  profile  shows  a 
sharp  rise  in  (he  water  level,  the  gain  during  the  first  three  months  of  the 
year  being  approximately  two  feet,  but  by  the  middle  of  the  succeeding: 
August  the  water  had  fallen  again  to  a  lower  level  than  it  had  reached  at 
any  previous  time. 

In  short,  the  decline  continued  during  a  winter  of  excessive  rainfall. 
Throughout  the  season  of  1901-02  the  decline  continued,  but  as  again  this 
was  a  winter  of  marked  deficiency,  a  decline  was  to  be  expected,  and  is 
sufllciently  acounted  for  by  the  low  rainfall.  But  the  season  of  1902-1903 
was  again  a  winter  of  excess  in  precipitation.  This  excess  at  San  Ber- 
nardino was  about  15  per  cent.,  at  Anaheim  about  70  per  cent,  and  at 
Los  Angeles  about  22  per  cent,  above  the  average.  The  effect  upon  the 
Anaheim  water  level,  while  less  marked  than  that  of  the  heavy  rainfall 
two  years  before,  was  more  lasting;  the  rise  of  April  and  May,  1903,  not 
being  wholly  lost  until  the  first  of  January,  1904.  Since  that  time  there 
has  been  no  beavy  rainfall  and  the  decline  has  been  continuous  until  the 
beginning  of  the  present  season.  On  March  1st,  this  year,  the  waters  had 
recovered  5  inches  from  the  lowest  point  reached.  The  net  loss  since  ob- 
servations began  7  years  ago  is  27  feet  3  inches. 

The  important  point  in  this  comparison  is  the  fact  that  the  water 
level  has  continued  to  decline,  or  has  barely  held  its  own  during  two 
years  of  marked  excess  in  precipitation.  These  facts  seem  to  point  un- 
mistakably to  over  draughts  upon  the  underground  waters  in  the  region 
to  which  they  apply. 

The  results  shown  by  the  Gage  Canal  Co*s  measurements  are  similar 
in  their  general  tenor.  The  well  upon  which  they  are  conducting  observa- 
tions flowed  In  18y2.  In  June  1904  the  water  level  was  38  feet  below  the 
surface.  There  were  recoveries  of  8  feet  and  9  feet  respectively  during  the 
seasons  of  1900-1901  and  1902-1903,  but  these  were  lost  in  each  case  be- 
fore the  close  of  the  succeeding  dry  season.  The  situation  of  the  well 
near  the  bed  of  the  Santa  Ana  river  results  In  a  prompt  responsiveness 
on  its  part  to  floods  and  droughts. 

Observations  of  this  character  indicate  that  drought  alone  will  not 
not  explain  all  of  the  observed  shrinkage,  although  of  course  it  has 
greatly  increased  it.  In  some  of  our  localities  at  least  we  have  reached 
the  point  where  further  development  of  underground  waters  should 
cease.  This  condition  is  not  universal.  In  some  communities  favorably 
situated  to  benefit  by  the  return  waters  from  irrigation  and  where  the 
underground  supplies  have  not  been  extensively  developed,  there  has 
been  no  decline  in  the  ground  waters  even  during  the  dry  season  through 
which  we  have  just  passed.  In  other  localities  less  favorably  situated, 
and  subjecting  their  subterranean  reservoirs  to  a  severer  tax,  the  condi- 
tions are  much  more  serious,  and  in  these  it  is  imperative  that  protective 
measures  be  taken. 

SUBTERRANEAN  RESERVOIRS  NOT  INEXHAUSTIBLE. 

In  all  cases  it  must  be  clearly  understood  that  our  subterranean 
waters  are  not  inexhaustible.    An  underground  reservoir  may  be  drained 
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just  as  any  other  reservoir  may  be.  I  have  been  told  of  a  concrete 
case  on  a  small  scale  which  illufitrates  the  condition  well.  In  one  of 
the  smaller  canyons  tributary  to  Temecula  Valley  there  was  at  one  time 
a  small  but  very  regular  spring  near  the  lower  margin  of  a  not  very 
extensive  body  of  gravel.  The  water  from  this  spring  was  piped  to  a 
nearby  house,  where  it  proved  ample  for  domestic  purposes.  A  little 
stream  flowed  down  a  tributary  canyon  above  the  gravel  body  and  was 
absorbed  by  it.  Its  How  was  variable,  considerable  in  winter,  amounting 
to  but  little  in  summer,  but  it  sufficed  to  keep  a  portion  of  the  small 
gravel  mass  saturated.  During  the  period  when  the  search  for  water 
above  Corona  was  most  keen,  the  spring  was  ^'developed."  A  tunnel  was 
run  into  the  gravel  so  that  it  drained  more  freely,  and  a  pipe  was  run 
up  the  canyon,  beyond  the  gravel  mass,  to  the  little  stream  which  had 
discharged  into  it.  With  the  increased  flow  from  the  "developed"  spring, 
and  the  addition  from  the  stream  above,  the  owners  of  the  property 
found  their  water  sources  "producing"  about  three  or  four  times  as  much 
as  before,  a  result  of  course  to  be  expected  from  "scientiflc"  (sic?)  de- 
velopment. A  few  months  later  the  tunnel  dried  out  and  the  owners 
have  since  had  to  depend  upon  the  variable  flow  from  the  stream.  They 
are  still  no  doubt  wondering  what  was  the  matter  with  the  spring,  and 
attributing  its  failure  to  the  dry  years,  not  realizing  that  they  had  simpler 
drained  its  source.  This  case  is  typical  of  much  so-called  water  "de- 
velopment," the  only  difiTerence  being  that  the  gravel  storage  reservoir 
here  was  small,  so  that  the  effects  became  manifest  quickly. 

Our  illustration  may  perhaps  be  made  still  simpler.  Suippose  that 
a  large  tank  has  been  slowly  filled  by  water  running  into  it  through  a 
10-lnch  pipe,  the  pipe  discharging  constantly  but  seldom  at  its  full 
capacity.  When  the  tank  is  filled  the  excess  water  will  spill  over  its 
edge  at  the  lowest  point.  Then  we  have  a  condition  which  may  be  com- 
pared to  that  here  in  Southern  California,  before  any  of  the  water  flowing 
from  the  mountain  canyons  had  been  appropriated;  the  tank  representing 
the  underground  reservoirs,  th^  supply  pipe  the  mountain  streams.  Then 
suppose  that  we  cut  the  lO-inch  supply  pipe  above  the  tank  and  attach  to 
it  one  six  inches  in  diameter.  This  will  divert  all  the  water  which  would 
otherwise  flow  into  the  reservoir  except  during  those  rare  periods  when 
the  larger  pipe  is  running  nearly  full.  We  now  have  a  condition  corre- 
sponding to  that  when  our  surface  streams  had  all  been  appropriated, 
except  the  flood  waters.  Still  our  tank  remains  full,  the  source  of  its 
waters  but  not  its  stored  supply  having  been  attacked.  But  now  we  begin 
to  tap  the  tank  in  various  places,  drawing  oft  small  amounts  of  water  here 
and  there.  Still  its  water  level  remains  the  same,  the  small  draughts 
being  less  in  total  amount  than  that  which  still  passes  the  six-inch 
diverting  pipe  and  enters  the  tank  through  the  lO^inch  supply  pipe.  But 
as  more  and  more  holes  are  drilled  all  about  the  huge  reservoir,  which  had 
seemed  to  hold  too  much  ever  to  be  depleted,  the  level  of  its  wateirs 
gradually  lowers,  or  perhaps  rises  spasmodically  when  the  supply  pipe 
discharges  at  its  full  capacity,  but  it  soon  loses  these  small  gains  and 
the  general  lowering  continues  until  the  tank  is  drained  or  until  its 
water  level  drops  below  so  many  of  the  points  at  which  it  was  tapped 
that  drainage  is  no  longer  mpre  rapid  than  replenishment  through  the 
occasional  spasmodic  supplies. 

During  this  process  we  have  a  condition  not  unlike  that  existing  in 
many  of  our  underground  reservoirs  today.  We  are  cutting  off  a  great 
part  of  the  source  of  our  stored  waters  by  diversions  at  canyon  mouths, 
and  at  the  same  time  attacking  vigorously  the  accumulated  supply.  A 
large  body  of  saturated  gravels  can  no  more  be  overdrawn  in  safety  than 
a  reservoir  of  the  kind  just  described.  The  result  in  either  case  is  de- 
pletion.   The  difference  is  in  the  time  it  takes  to  reach  this  result. 
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CARE  MUST  BE  EXERCISED. 

So,  understanding  that  there  Is  a  possibility  of  overdeveloping;  that 
a  time  may  come  for  each*  community,  as  it  seems  already  to  have^come 
for  some  communities.,  when  to  further  tax  the  underground  supplies 
is  to  deplete  them,  to  expend  principal  as  well  as  interest,  understanding 
all  these  things  clearly  it  behooves  us  as  citizens  interested  in  the  wel- 
fare of  our  respective  commonwealths  to  check  expansion  where  danger 
exists,  to  move  cautiously  where  we  are  nearing  the  safe  limit  of  devel- 
opment, and  In  all  cases  to  make  constant  observations  which  will  serve 
as  a  definite  guide  in  future  expansion.  Every  well  owner  should 
measure  the  water  level  in  his  well  each  month.  In  «  few  years*  a  body 
of  data  will  accumulate  which  will  be  invaluable.  The  Survey  has  now 
about  lOO-  observation  wells  scatered  over  this  valley,  but  they  are  not 
enough  and  our  measurements  may  be  interrupted  at  any  time  by  lack 
of  appropriations.  The  individual  owner  can  continue  his  indefinitely 
and  by  means  of  the  data  which  they  will  furnish  him  he  can  determine 
whether  the  reservoir  from  which  he  draws  his  water  supplies  is  being 
depleted  or  not. 

Meanwhile,  here  as  in  all  arid  or  semi-arid  regions,  economy  must 
be  practiced.  With  only  one-fourth  of  our  irrigable  lands,  irrigated, 
every  drop  which  can  be  saved  means  m,ore  wealth,  more  beaiuty  and 
more  expansion  for  California.  Flowing  wells  must  be  capped  when  not 
in  use.  Irrigation  practice  must  be  Improved.  Some  communities  are 
now  using  1  miner's  inch  of  water  to  nine  or  ten  acres,  others  use 
the  same  amount  upon  only  three  or  four  acres,  under  similar  soil  con- 
ditions and  with  no  better  results.  Bvldently  Improvement  Is  possible 
here.  This  subjefct:  the  possibilities  of  bettering  forest  conditions  an.d 
of  aiding  In  the  direct  absorption  of  fiood  waters  by  distributing  systems 
will  be  discussed  today  by  experts  who  have  given  the  subjects  much 
thought.  All  of  these  remedial  methods  tend  to  prevent  waste  and  so 
are  moves  In  the  direction  of  botterm<ent  and  Increasing  acreage.  All 
Should  be  heartily  encouraged  and  eiamestly  supported  by  every  one  who 
has  the  best  interest  of  this  garden  spot  .of  the  world  at  heart,  and  the 
list  Includes  not  only  every  resident  of  Southern  California,  but  all  of 
the  thousands  of  our  eastern  friends,  whose  privilege  it  has  been  to 
enjoy  with  us  our  climatic  and  scenic  charms,  and  share  with  us  for  a 
time  our  heritage  of  beautiful  homes. 

Chairman  Cook — I  take  great  pleasure  in  introducing  Mr.  F.  E. 
Trask  of  Los  Angeles  who  has  prepared  a  paper  on 

PREVENTION  OF  WINTER  RUN-OFF. 

The  great  problem  of  Southern  California  today  Is  water  supply;  a 
subject  to  which  the  majority  of  residents  give  but  a  passing  thought. 
A  stranger  arrives,  and  after  looking  about  a  few  daya,  buys  an  orange 
grove  or  a  home,  with  the  assurance  that  there  is  amiple  water,  and  he 
is  satisfied. 

To  those  who  handle  the  subject  from  any  standpoint,  whether  as 
irrigators  or  promoters,  and,  more  particularly,  those  who  have  had  in 
hand  the  distribution,  development  and  delivery  of  water,  this  question 
presents  a  different  phase,  demanding  the  grreatest  eftorts  for  a  solution. 

Prior  to  1870,  all  demands  were  supplied  by  surface  water  from  near- 
by springs  and  canyons.  True,  some  attention  had  been  given  to  irriga- 
tion. The  Mexicans  and  Indians  had  constructed  short  earthen  ditches 
and  diverted  stream  flows  and  watered  their  garden  truck  and  a  few 
trees,  and  the  question  of  a  sufildent  supply  of  water  at  that  time  was 
not  an  issue. 
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About  18'iO,  the  deyelopment  at  Riverside  began;  and  the  systema- 
tic and  sclentifie  diversion  and  application  of  surface  <ater  dates  from 
about  this  period.  PV)llo>wing  in  rapid  succession,  other  sections  of 
Southern  Cetlifornla  began  to  divert  and  to  utilize  all  available  surface 
supplies,  and  in  from  12  to  15  years  all  known  sources  had  been  ap- 
propriated. The  continued  inrusb  of  settlers,  desirous  of  acquiring 
homes,  created  a  demand  for  additional  water,  which  compelled  most 
communities  to  take  up  some  line  of  water  development.  In  its  first 
stages,  this  consisted  principally  of  the  location  of  artesian  sources  and 
the  exploiting  of  them  through  the  medium  of  bored  wells;  and,  later, 
through  the  driving  of  tunnels.  The  high  returns  from  the  use  of 
water  upon  Southern  California  soil  further  stimulated  a  desire  for  ad- 
ditional water,  which,  coupled  with  the  greatly  reduced  inalnfall,  created 
a  condition  in  which  there  was  an  insufficient  supply  for  these  growing 
demands.  As  the  artesian  wells  and  tunnels  became  reduced  in  output 
the  demand  for  water  becam<e  so  great  that  pumping  plants  were  in- 
stalled and  these  artesion  wells  were  thereby  furtheo*  exhausted.  Wells 
were  sunk  in  tunnels  and  pumping  plants  installed  therein  and  the  water 
level  generally  lowered  throughout  the  country. 

This  insatiate  demand  for  water  was  followed  by  a  most  thorough 
prospecting  of  large  areas,  developing  the  fact  tbat  the  valleys  throughout 
Southern  California  in  most  cases  were  underlaid  by  vast  reservoirs. 

The  dry  years  continuing,  the  rainfall  supplying  only  a  part  of 
the  needs  of  the  sections  already  developed  and  demanding  water,  addi- 
tional  pumping  plants  were  installed  flrom  year  to  year,  with  the  result 
that  we  now  find  the  ground  waters  throughout  Southern  California 
have  been  depleted  to  an  alarming  extent.  Much  litigation  has  resulted 
from  this  scramble  for  water;  and  if  the  Siipretmie  Court  had  not  come 
to  the  rescue  with  its  decision  defining  the  rights  and  privileges  of  own- 
ers of  water-bearing  ground  relative  to  the  reasonable  use  of  such  waters, 
it  would  'be  a  matter  of  but  a  few  years  when  there  must  have  neces- 
sarily resulted  a  complete  destruction  of  some  of  these  sources  upon 
which  the  draft  has  been  greatest. 

It  is  well  that  the  indiscriminate  extraction  of  these  ground  waters 
has  been  restricted  to  a  reasonable  use;  and  the  writer's  judgment  leads 
to  the  conclusion  that  the  resources  are  sufficient  to  maintain  all  de- 
velopments to  date,  and  In  certain  sections  to  Inaugurate  additional  de- 
velopments with  reasonable  assurance  of  permanency.  While  all  this 
depletion  of  underground  reservoirs  has  been  going  on,  very  little,  if 
any,  attention  has  been  given  to  their  re-charging  or  replenishing. 

In  1892  and  '93,  the  writer  and  an  engineering  friend  were  engaged 
In  the  study  of  one  of  the  canon  watersheds  of  Southern  California, 
making  surveys  and  preparing  data  for  use  in  threatened  litigation 
at  which  time  the  subject  of  restricting  or  of  the  retarding  the  winter 
run-off  from  said  canon  became  to  us  an  important  feature,  demanding 
more  than  passing  consideration.  In  the  canyon  large  and  extended  beds 
of  gjavel  existed,  the  stream  covering  but  a  small  per  cent  of  the  sur- 
face, over  which  it  passed  with  little  percolation  loss,  owing  to  the 
silted  and  impervious  nature  of  the  channel.  The  conclusion  we  ajr- 
rlved  at  was  that  it  would  be  great  economy,  supplying  our  clients  with 
additional  water,  should  they  expend  a  moderate  sum  each  year  in  spread- 
ijDg  the  storm  and  flood  waters  over  these  large  bodies  of  gravel,  which 
under  natural  conditions  received  very  little  water  In  storage.  From 
time  to  time  thereafter,  as  opportunity  presented  itselt  the  writer  put 
into  practice,  in  a  moderate  way,  this  idea  of  artificial  charging  of 
gravels  within  the  canyons  and  the  debris  cones  at  mouths  of  canyons, 
The  encoiuaglng  results  were  such  that  at  the  suggestion  of  clients,  the 
writer  contributed  to  the  Rural  Calif ornlan  for  June  1903  a  paper  en- 
titled "Water  Conservation  in  Southern  California."  The  sole  object  in 
this  paper  was  to  draw  the  attention  of  water  consumers  throughout 
Southern  California  to  the  great  benefits  resulting  from  the     artificial 
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sataration  of  the  gravel  beds  lyiiig  above  the  elevation  of  the  irrigated 
sections.  The  subject  created  much  interest  and  the  supply  of  the 
paper  was  soon  exhausted,  the  writer  printing  a  re-issue,  for  which  there 
has  been  a  considerable  demand,  especially  by  those  having  in  hand  the 
m'anagement  and  the  supply  of  water  for  the  different  colonies  and 
towns  of  Southern  California. 

The  solution  suggested  in  detail  In  the  above  paper  was  as  follows: 

"That  the  winter  and  storm  discharge  of  the  many  rivers'  and 
streams  of  Southern  California  be  diverted  at  the  mouths  of  canyons  upon 
the  debris  cones  of  said  canyons;  that  these  waters  be  not  allowed  to 
run  in  the  present  channels^  but  that  they  be  diverted  lirom  place  to 
place  over  the  porous  sands,  gravel  and  rock  surface,  to  the  end  that 
all  water  may  be  absorbed  by  the  debris  cones:  that  districts  be  estab- 
lished for  each  of  these  water  shede,  that  the  organization  of  each  dis- 
trict be  effected  by  uniting  corporations  and  persons  interested  in  main- 
taining the  supply  of  underground  water  and  beneficiaries  of  the  pro- 
posed work,  and  that  each  organiscation  maintain  a  fbrce  of  laborers  at 
all  times  sufficient  in  number  to  divert  and  to  dissipate  all  waters  not 
used  directly  for  irrigation,  with  the  possible  exception  of  extreme  floods, 
which  should  be  kept  in  the  natural  channels.  ^ 

"In  general  terms  the  works^  should  be  a  diversion  dam^  located 
near  the  mouth  of  the  canyon,  at  such  a  point  that  the  water  could  be 
led  out  upon  any  and  all  of  the  open  and  porous  gravel  and  rock  forming 
the  great  mass  of  the  debris  cone.  This  dam  should  be  oon^ructeid 
with  a  full  knowledge  of  the  necessity  of  passing  the  maximum  floods 
down  the  old  natural  channel.  In  some  places  it  might  be  a  temporary 
structure  that  would  give  way  to  dangerous  floods,  while  in  others  a  more 
permanent  construction  would  be  advisable. 

"The  main  diversion  conduit  should  be  a  wooden  flume  or  pipe,  in 
sections  suitable  for  rapid  dismemberment,  re-location  and  reassemblance. 
In  most  cases  a  few  hundred  feet  would  be  quite  sufllcient.  The  dis- 
charge should  be  split  up  into  smiall  streams  and  spread  out  fian-shape 
over  the  debris  cone,  with  a  constant  shifting  of  the  streams,  to  the 
end  that  these  small/ channels  may  not  be  silted  up  and  made  impervi- 
ous. Some  locations  might  require  the  digging  of  ditches  and  building 
of  dams  along  the  contour  lines  and  at  right  angles'  to  the  surface 
drainage  grades,  to  intercept  and  to  redistribute  any  collected  water 
resulting  from  the  saturation  and  silting  up  of  the  gravel  beds  lying 
above  the  ditch  or  dam." 

To  fully  understand  what  this  system  of  artificial  recharging  of 
debric  cones  in  gravel  beds  signifies  to  the  material  welfare  and  pro- 
gress of  Southern  California,  it  is  worth  while  to  analyze  existing  condi- 
tions briefly.  Today  we  are  diverting  at  the  mouths  of  the  cafions  of 
Southern  California  all  available  normal  surface  water  and  passing  same 
through  pipes  or  cemented  ditches  and  canals  down  to  the  land  to  be 
irrigated  or  the  homes  to  be  supplied.  In  doing  this  we  have  practically 
eliminated  the  factor  of  seepage.  In  other  words,  the  only  water  that 
can  be  used  to  recharge  debris  cones  and  gravel  beds  must  be  the 
rain  and  flood  waters  which  are  in  such  large  volumje  as  to  be  beyond 
the  needs  and  capacities  of  the  diversion  systems  and  works  at  the 
mouths  of  the  cafions. 

Second.  We  have  through  the  agency  of  tunnels,  wells  and  pump- 
ing plants  been  drawing  an  increasing  amount  of  water  from  these  same 
gravel  beds  from  which  we  have  cut  off  the  normal  supply.  In  other 
words,  if  we  are  to  maintain  the  saturation  of  these  underground 
reservoirs  we  must  do  so  with  the  flood  waters.  What  have  we  done 
towards  aiding  nature  in  replenishing  these  gravel  beds?  With  one  or 
two  exceptions  where  moderate  efforts  are  being  made  to  this  end,  there 
is  absolute  inaction  by  those  in  whose  hands  the  largre  interests  of  our 
water  companies  are  placed. 
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What  would  we  think  of  the  business  sagacity  of  a  man  who  fell 
heir  to  a  moderate  amount  of  money  which  was  placed  for  himN  in  a 
bank,  and  as  soon  as  he  acquired  the  right,  began  to  pay  out  that  oaslh 
indiscriminately  and  persistently,  making  no  provision  for  replenishing 
his  account?  And  yet,  this  is  precisely  what  we  are  doing  as  regards 
our  underground  water  supply.  The  heavy  rains  of  the  present  sea^n 
have  aroused  considerable  interest  in  this  subject,  and  those  who  have 
ordinarily  given  but  little  thought  to  the'  question  recognize  the  neces- 
sity for  saving  some  of  the  vast  volume  of  flood  waters  which  they  see 
passing  down  the  axis  of  the  valley  and  on  to  the  ocean,  the  great  per- 
centage of  which  floods  are  of  no  material  benefit.  It  certainly  is  time 
that  united  efforts  be  exercised  to  control,  to  conserve  and  to  utilize 
this  water.  The  problem  is  not  a  difficult  one;  and  if  the  case  of  every 
cafion  supply  in  Southern  California  can  be  solved,  its  solution  will 
give  to  water  consumers  the  cheapest  water  they  will  obtain  from  this 
time  on. 

The  first  problem  to  be  considered  is  the  method  of  diversion.  The 
point  of  diversion  should  be  for  the  debris  cones  as  near  the  mouths  of 
the  canon  as  possible,  since  the  higher  the  point  the  water  is  turned 
into  the  gravel  the  larger  the  volume  of  material  lying  above  the  zone 
of  consumption  or  use,  and,  consequently,  the  larger  the  volume  of  water 
that  will  be  accumulated  at  an  elevation,  from  which  to  draw  economi- 
cally. In  large  cafions,  like  the  San  Gabriel  and  Santa  Ana,  expensive 
diverting  weirs  should  be  constructed.  ,They  should  be  of  a  permanent 
and  enduring  nature,  and  so  designed  that  floods  of  such  magnitude  as 
to  have  an  element  of  danger  In  their  volume,  may  be  allowed  to  pass 
down  the  natural  channel.  Gates  should  be  so  arranged  that  when  the 
intensity  of  the  flood  has  subsided  below  the  danger  point  the  waters 
can  be.  controlled  in  whole. 

In  the  smaller  cafions,  it  may  be  found  best  to  construct  temporary 
diverting  weirs  and  at  times  of  excessive  floods  to  allow  the  same  to 
be  destroyed.  Each  cafion  will  require  special  study  and  special  treat- 
ment. The  conditions  controlling  should  be  worked  out  with  due  con- 
sideration for  all  interests,  and  no  hasty  and  ill  advised  interference 
with  torrential  floods  should  be  tolerated. 

From  the  diverting  weir,  the  water  should  be  spread  out  and  made 
to  oover  as  large  an  area  as  possible.  This  is  highly  Important,  be- 
cause the  capacity  of  the  gravel  beds  to  consume  these  flood  waters 
is  in  direct  proportion  to  the  areas  covered  or  flooded.  The  first  step 
requires  the  use  of  either  pipes  or  flumes,  diverting  the  water  from  the 
natural  channel  out  upon  the  banks  adjacent  and  at  such  points  that 
it  will  not  return.  The  writer  believes  that  in  nearly  every  instance 
this  can  best  be  done  by  the  use  of  a  few  hundred  feet  oC  light 
steel  pipe  constructed  in  such  a  manner  that  it  can  be  taken  apart  and 
renioved  from  place  to  place,  should  circumstances  require  it. 

'  On  the  larger  debris  cones,  the  writer  would  advise  trenching  along 
contour  lines,  the  material  from  the  trenches  to  be  thrown  on  the  lower 
side  of  the  trench;  and  at  the  intersection  of  drainage  gulches  and  old 
flood  channels,  he  would  build  a  loose  rock-fllled  dam  of  such  magnitude 
as  to  stop  and  to  divert  along  the  ditch  any  flow  that  might  pass  down 
said  channel.  These  ditches  might  be  constructed  from  500  to  1000  feet 
apart,  and  the  water  allowed  to  fill  them  and  flow  over  at  such  times 
as  the  supply  was  more  than  the  gravel  in  and  above  the  ditches  would 
consume.  Under  this  condition  we  would  have  a  series  of  ditches,  one 
lying  below  the  other,  the  upper  ditch  catching  the  water  first  and  the 
ground  under  its  influence  taking  as  much  of  the  water  as  i)ossible,  the 
balance  passing  on  to  the  next,  seriatim,  until  the  whole  supply  disap- 
peared within  the  gravel  mass. 

The  surface  run-off  In  cafions  may  be  materially  increased  during  the 
summer  months  when  water  is  most  needed  for  irrigation,  if  those  In- 
terested will  pursue  the  same  method   of  saturating  the  gravel   beds 
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lying  outside  of  the  influence  of  the  surface  stream,  at  different  points 
throughout  the  caiion  and  above  the  point  of  diverting  the  surface  water. 

The  method  of  diversion  would  be  similar  to  that  on  debris  cones; 
and  in  most  cases  a  few  hundred  feet  of  pipe  laid  into  the  stream 
through  a  temporary  boulder  and  gravel  dam,  would  answer  all  prac- 
tical purposes.  When  the  necessary  diversion  weirs,  ditches  and  dams 
have  been  constructed  the  ma;intenance  expense  should  be  nominal,  it 
being  necessary  to  keep  laborers  on  the  work  only  at  such  times  «ts  flood 
waters  obtain.  The  writer  has  found  by  his  own  experience  that  four 
or  five  men  during  the  maximum  periods  of  caiion  discharge  will  handle 
a  considerable  volume  of  water,  the  essential  requirement  being  their 
presence  on  the  ground  ready  promptly  to  meet  and  to  control  any  con- 
dition that  may  arise. 

In  concluislon,  the  writer  wishes  to  impress  upon  the  water  man- 
agers of  Southern  California  the  necessity  of  immediate  action  looking 
to  the  refilling  of  the  gravel  beds  from  which  they  have  been  pumping 
excessively  the  past  two  or  three  years.  Much  has  been  said  and 
written  about  the  depletion  of  these  underground  reservoirs;  while  the 
writer's  solution  stands  as  the  only  remedy  yet  offered,  looking  to  the 
restoration  of  these  gravels.  Nature  will  do  much  to  replenish  them 
when  our  seasonal  rainfall  again  passes  above  the  average  for  a  series 
of  years;  but  if  you  are  to  contin.ue  in  the  benefits  that  are  yours,  you 
must  aid  nature  in  this  work.  At  no  time  in  the  history  of  Southern 
California  has  there  been  a  question  of  more  vital  importance  than  this 
nor  one  to  which  Southern  California  will  owe  more  of  its  material 
permanency  and  progress;  and  the  money  spent  in  the  systematic  dls- 
tsribution  of  the  water  over  the  debris  cones  and  gravel  beds  will  aid 
In  not  only  maintaining  the  supply  of  the  necessary  fluid,  but,  in  the 
writer's  Judgment,  if  prosecuted  energetically,  will  result  in  again  rais- 
ing the  water  level,  thereby  materially  reducing  the  pumping  lift  and 
cost  of  pumping  operations,  from'  year  to  year.  Further;  the  limit  of 
reclamation  and  development  of  arid  lands  here  has  been  reached,  with 
a.  few  exceptions,  if  the  systematic  recharging  of  the  gravel  beds  is  not 
consummated.  A  co-ordinate  factor  with  flood  conservatism,  in  the  water 
problem,  Is  the  subject  of  the  capping  of  wells  and  the  bulkheading  of 
tunnels.  In  some  sections  attention^  is  paid  to  this  matter,  but  in  many 
nothing  whatever  is  done  to  restrain  the  discharge  from  artesian  wells 
and  tunnels  during  that  period  of  the  year  when  water  is  not  required; 
and  large  volumes  are  allowed  to  run  to  waste  for  fromi  three  to  six 
months  each  year.  If  those  people  who  own  the  artesian  wells  on  the 
lower  levels  and  along  the  coast  have  no  need  of  the  water,  they 
should  be  compelled  to  close  said  wells;  and  the  supply  at  points  many 
miles  distant  would  be  improved  thereby. 

Chairman  Cook  introduced  Mr.  Wm.  Mulholland,  Supt.  L.  A.  City 
Water  Work.-;,  who  read  a  paper  on 


WATER  WASTE. 

I  was  invited  by  your  Program  Committee  to  read  a  paper  before 
this  meeting  on  the  subject  of  Water  Waste,  and  I  must  say  in  advance 
that  the  selection  of  a  water  works  manager  for  an  expresaiooi  of 
opinion  on  this  subject  in  so  far  as  it  relates  to  municipal  supplies 
may  not  pro's  e  a  wise  one  as  such  persons  are  apt  to  be  in  a  chronic 
state  of  irritation  with  regard  to  such  a  matter,  and  hence  more  or  less 
unlit  for  its  frank  discussion. 

Should  it  be  therefore  found  that  this  brief  paper  degenerates  Into 
nothing  more  than  a  querulous  and  scolding  lecture,  I  plead  in  advance 
for  your  kind  forbearance,  and  stipulate  that  you  may  apply  your  own 
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interpretatioQ  to  the  facts   herein  presented   and   deal  witli     the  con- 
clusions as  in  your  judgment  they  may    deserre. 

I>Yom  a  perusal  of  the  subjects  listed  for  discussion  at  this  meeting 
and  the  names  of  the  gentlemen  assigned  to  handle  them,  I  am  led  to 
assume  that  it  will  be  unnecessary  for  me  to  comment  on  or  ofter  any 
suggestions  for  the  conservation  of  the  occasional  copious  nmofCs  of 
storm  water  that  in  the  present  state  of  our  water  storing  and  distribut- 
ing facilities  are  unavoidable,  although  without  doubt  such  lost  water 
may  in  a  sense  be  regarded  as  waste.  This  matter  I  am  certain  will 
have  able  elucidation  at  the  hands  of  nuen  who  have  made  a  speclall 
study  of  it  and  are  better  qualified  to  suggest  means  for  its  amend- 
m^ent. 

Inasmuch  as  the  recent  great  development  and  extension  of  the 
agricultural  industries  of  Southern  California  coincident  with  an  unusual 
diminution  of  the  water  supply  has  brought  forth  among  our  farming 
brethren  in  a  marked  degree  the  innate  engineering  ingenuity  that  is  a 
notable  attribute  of  the  American  people,  who  were  thus  enabled  to 
meet  the  exigencies  that  required  them  to  devise  hasty  and  in  many 
cases  highly  efficient  methods  of  procuring  water  to  save  their  crops 
and  orchards,  I  believe  it  would  be  somewhat  precsumptuous  for  me  to 
attempt  to  lecture  them,  on  its  economical  application  and  use.  We  m^ay, 
I  believe  confidently  intrust  this  phase  of  the  subject  to  the  man  who 
pays  the  bills  as  it  is  not  likely  that  a  farmer  whose  water  costs  him 
anywhere  from  2  to  3  cents  per  thousand  gallons  is  going  to  waste  much 
of  it. 

Twenty  or  thirty  years  ago  one  might  have  been  justified  in  this 
country  in  inveighing  against  the  wasteful  methods  in  vogue  in  the  use 
of  water  for  irrigation;  but  those  were  the  days  of  the  struggling  stream 
and  the  open  weedy  and  neglected  earth  ditch,  now  happily  an  institu- 
tion of  the  past,  and  it  seems  that  about  tbe  only  flagrant  practice  re- 
maining to  be  corrected  is  the  one  of  permitting  the  unbridled  perpetual 
flow  of  artesian  wells  in  such  districts  fortunate  enough  to  still  possess 
artesian  water. 

The  perfection  of  Southern  California  climate  coupled  with  the 
great  fertility  of  her  soil,  naturally  awakens  and  fosters  a  desire  even  in 
the  most  materialistic  of  her  inhabitants  to  follow  Palmerston's  sugges- 
tion to  ''tickle  the  ground  with  a  hoe  and  see  it  smile  with  a  crop"* 
and  this  spirit  is  so  universal  that  we  find  even  iclose  into  the  hearts  of 
our  busy  towns  scarcely  a  habitation,  be  it  ever  so  lowly,  but  in  it 
some  attempt  is  made  to  beautify  it  by  the  cultivation  of  a  few  flowers 
or  a  patch  of  grass.  It  is  to  this  esthetic  spirit  much  of  the  attraction 
of  this  country  is  due  and  however  we  may  pride  ourselves  on  the 
abundance  and  profit  of  our  agricultural  and  horticultural  products, 
oandor  still  compels  us  to  admit  that  the  tourists,  lured  here  by  sujch  at- 
traction, must  ever  be  considered  as  a  valuable  contributor  to  out  income 
and  adjusict  to  our  prosperity. 

This  being  the  case  we  must  not  stint  the  most  important  element 
to  this  beautification,  water;  and  this  brings  me  to  the  subject  on  which 
I  believe  it  was  the  intention  I  should  address  you,  namely  the  use 
and  waste  of  water  in  municipalities. 

Careful  perusal  of  water  works  reports  and  engineering  journals 
leads  one  to  the  conviction  that  on  an  average  fully  one  half  of  the 
water  flowing  in  the  mains  of  unmetered  cities  in  the  United  States 
is  wasted.  This  conclusion  is  well  supported  by  statistics  from  many 
cities  that  have  changed  from  the  absurd  method  of  furnishing  water  to 
their  inhabitants  by  assessed  rates  or  guess  (which  amounts  to  the 
same  thing),  to  the  rational  plan  of  m/easuring  how  miich  is  used  and 
collecting  for  it. 

Every  gallon  of  water  devoted  '  to  the  domestic  and  other  uses  of 
our  town  in  Southern  California  reduices  by  that  much  the  amount 
available  for  irrigation  purposes  in  the  surrounding  country,  and  as  the 
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prosperity  of  our  towns  is  largely  if  not  wholly  dependent  on  the 
development  of  the  country,  it  devolves  as  a  duty  on  the  water  works 
officials  of  those  towns  to  see  that  no  water  is  wasted.  This  duty  is  not 
secondary  to  the  one  of  reducing  waste  with  a  view  to  reducing  the 
cost  of  dlstrihution  of  the  wasted  aniount  which  Is  in  Itself  an  important 
consideration. 

The  City  of  Los  Angeles  with,  an  estimated  population  of  175,000 
last  summer,  consume<l,  or  more  properly  speaking  consumed  and  wasted 
an  average  of  34,000.000  gallons  of  water  per  day,  or  at  a  rate  of  about 
195  gallons  per  capita. 

In  the  summer  of  1901,  the  portion  of  the  city  supplied  by  the  Los 
Angeles  City  Water  Co.,  drew  water  from  the  mains  at  the  astounding 
rate  of  300  gallona  per  capita. 

In  February,  1902,  the  city  took  possession  of  the  works,  and  the 
case  being  urgent  on  account  of  the  rapidly  diminishing  water  supply 
the  Water  Commission  at  once  set  itself  to  the  work  of  checking  the 
suicidal  practice  of  permitting  the  water  taker  to  help  himsielf  to  what 
he  wanted  and  waste  as  much  as  he  pleased.  Inspectors  wetre  appointed 
and  the  city  divided  into  districts  with  men  assigned  to  patrol  them 
making  house  to  house  inspections,  and  serving  notices  to  owners  to  have 
whatever  leaky  plumbing  found  repaired  forthwith.  Now  there  is  no 
delusion  on  the  part  of  the  average  citizen  who  gives  thought  at  all  to 
water  works  matters,  mo:re  deep  rooted  than  the  one  that  work  of  this 
character  will  prove  effective  in  stopping  waste.  ESvery  summer  when 
the  Injunction  goes  forth  warning  people  to  be  economical  in  the  uee 
of  water,  the  papers  are  full  of  letters  from  well  meaning  citizens  to 
whom  the  idea  hsas  occuJrred  for  the  first  time,  advocating  the  appoint- 
ment of  men  for  house  to  house  inspection,  but  it  ia  a  well  known  fact 
to  all  water  works  managers  that  money  expended  for  this  purpose 
might  Just  as  well  be  thrown  in  the  sewer  for  any  good  it  accomplishes. 
The  principal  cause  for  the  failure  of  this  system  is  not  far  to  seek  nor 
difficult  of  explanation.  There  is  a  degree  of  saoredness  about  one's 
honue  that  generates  resentment  against  all  strangers  who  for  any  pur- 
pose intrude  it.  This  resentment  is  much  intensified  if  such  intrusion 
is  for  the  purpose  of  anything  that  has  the  appearance  of  espionage. 
Even  with  the  best  tempered  people  it  becomes  a  repugnant  task  to  the 
Inspector  to  demand  admission  to  the  most  private  portions  of  the 
citizen's  home,  so  that  in  a  short  time  the  man  lapses  into  an  indlfterent 
and  reluctant  worker,  i>erformlns  his  duty  In  a  perfunctory  manner  if 
at  all.  To  add  to  his  difficulties  he  has  to  be  most  circumspect  in  speech 
and  manner  to  prevent  his  being  charged  with  rudeness  or  discourtesy  in 
the  discharge  of  his  duty.  Complaints  of  this  kind  became  so  frequent 
at  the  office  that  investigation  of  all  of  them  was  out  of  the  question, 
and  such  as  were  investigated  could  result  in  nothing  conclusive  as  there 
were  generally  no  witnesses  to  the  act  complained  of  other  than  the 
complainant  and  the  Inspector. 

A  not  uncommon  suggestion  is  that  the  Water  Department  employ 
plumbers  to  go  around  from  house  to  house  to  keep  the  fixtures  in  re- 
pair. As  there  are  at  present  over  41,000  services  in  use  in  this  city, 
it  may  be  Imagined  the  expense  this  would  entail  besides  the  many  ac- 
tions for  damiages  that  would  arise  from  failure  or  faulty  plumbing 
that  would  certainly  be  charged  to  delinquency  of  some  of  the  Depart- 
ment's men. 

In  an  experience  extending  over  a  period  of  nearly  twenty  years, 
I  have  never  yet  found  a  man  who  would  frankly  admit  that  he  had  been 
wasting  water,  no  matter  how  complete  the  evidence  was  against  hinu 
I  have  known  of  men  to  plead  guilty  of  horse  stealing  or  many  other 
forms  of  theft  when  caught  with  the  goods,  but  have  known  of  men 
who  deliberately  connected  pipes  with  those  of  their  neighbors  who  were 
bona  fide  water  takers,  and  surreptitiously  use  water  for  many  years 
without  the  Department's  knowledge  and  without  paying  for  it,  and  yet 
deny  any  guilty  Intent. 
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After  a  complete  demonstration  of  the  futility  of  personal  inspoc- 
tlon  it  was  decided  to  meter  the  services  of  those  whom  it  was  assumed 
"were  the  heaviest  consumers  and  were  hence  in  all  probability,  in  the 
then  state  of  our  knowledge,  the  mpst  profligate  wasters.  These  were 
thought  to  bo  the  ones  with  large  and  highly  improved  grounds,  and  the 
Commissioners  were  at  once  assailed  for  adopting  such  a  measure,  not 
for  the  reason  that  any  of  them  admitted  he  was  using  more  than  his 
flat  rate  would  allow  him,  but  on  8k>me  other  inexplicable  ground  that 
imrplied  that  the  vegetation  would  perish  should  it  be  definitely  known 
bow  much  water  it  required. 

Delegations  appeared  before  the  Board  making  piteous  and  pathetic 
appeals  for  a  continuance  of  the  flat  rates.  Many  of  the  suppliants 
declared  they  would  sell  out  and  leave  the  country  or  let  the  grass  die, 
or  put  iuto  execution  some  other  plan  most  dire  and  dreadful,  but  the 
evil  work  went  on  notwithstanding,  and  revealed  what  our  old  friend 
Ko-Ko  would  no  doubt  have  declared  "a  state  of  things.'* 

Careful  measurements  were  made  of  the  grounds  of  these  con- 
sumers and  calculations  made  to  determine  the  depth  of  water  in  inches 
per  month  that  was  used  on  them  as  shown  by  the  meter  readings. 
These  depths  ranged  all  the  way  from  3  to  16  inches  showing  that 
there  existed  a  radical  dlfTeresnce  of  opinion  among  the  owners  or  care- 
takers of  these  grounds,  as  to  how  much  water  their  vegetation  required 
for  its  proper  nourishment.  It  will  need  no  argument  to  convince  anyone 
familiar  with  the  cultivation  of  grass  or  plants  that  even  half  of  the 
larger  quantity  or  the  equivalent  of  8  inches  per  month  of  rainfall  is 
entirely  beyond  the  reasonable  needs  of  anything  likely  to  be  grown 
for  ornamental  purposes,  but  the  evidence  was  made  complete  by  tho 
ocular  fact  that  the  lawns  and  shrubs  of  the  most  economical  users 
were  quite  as  vigorous  and  thrifty  as  those  of  the  most  lavish.  Some  of 
the  lawns  we  found  to  be  in  an  absolutely  sodden  state,  the  grass 
showing  by  its  feeble  thin  spears  the  effect  of  the  soppy  condition  of 
the  soil. 

Within  a  month  or  two  the  bills  began  to  diminish  and  the  many 
complaints  about  lack  of  pressure  in  the  mains  in  the  districts  metered 
became  fewer  until  ultimately  the  people  themselves  became  so  recon- 
ciled to  the  meter  that  many  of  them  now  declare  Ihey  prefer  it  to  the 
old  method  of  charging,  and  indeed  some  of  them  have  substantial 
reason  for  their  change  of  view  in  the  reduction  of  their  bills  when 
taken  for  the  year  round. 

I  have  said  that  "in  the  then  state  of  our  knowledge"  we  thought 
these  cultivators  of  semi-aquatic  gardens  were  the  principal  culprits  in 
the  matter  of  waste,  and  the  qualification  was  made  advisedly  for  we 
soon  found  out  that  "there  were  others"  that  needed  our  attention. 

Careful  half  hourly  gauglngs  were  made  of  the  discharge  from  the 
sewers  and  it  was  found  that  the  minimum  flow  was  between  the  hours 
of  3  and  4  A.  M.,  and  was  800  inches.  It  was  clear  that  90  per  cent  at  least 
of  this  must  be  due  to  leaky  fixtures  and  reckless  waste  for  it  repre- 
sented what  must  have  gone  into  the  sewers  between  1  and  2  A.  M. 
when  household  duties  are  suspended. 

The  draft  from  out  reservoirs  observed  at  the  same  time  showed 
that  there  was  no  time  during  the  whole  night  when  the  outflow  was 
less  than  at  the  rate  of  10  million  gallons  in  24  hours.  Surely,  this 
nocturnal  use  could  be  accounted  for  in  no  other  way  than  by  the  gross- 
est waste. 

Close  inspection  of  the  business  blocks,  most  of  which  were  accessible 
without  the  difficulties  usually  encountered  In  private  dwellings,  revealed 
a  condition  of  almost  criminal  waste  through  perpetually  running  closets 
and  leaky  fixtures  that  no  amount  of  persuasion  short  of  the  actual 
shutting  ofC  of  the  supply  could  prevail  on  the  owners  or  tenants  to  have 
repaired.  Computation  of  the  water  used  in  a  few  of  the  large  blocks 
that  had  been  supplied  through  meters  for  periods  long  enough  to  give 
fair  data  as  to  what  the  whole  business  section  of  the  city  should  con- 
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siune  seemed  to  show  that  about  2  million  gallons  per  day  would  be 
ample,  while  as  a  matter  of  fact  it  was  taking  about  4V^  million  gallons 
per  day  to  supply  it,  so  it  waa  resolved  to  at  once  proceed  to  meter 
this  whole  section.  The  promptness  with  which  this  action  resulted' in 
hiUTy  calls  for  the  plum1[)er  was  a  pleasing  revelation.  It  is  true  a  few 
of  the  more  politically  influential  ones  appealed  to  their  Oouncilmesi  or 
the  Mayor  or  the  deputy  chairman  of  some  political  body  or  other  to 
have  the  darned  thing  removed,  but  they  found  it  neicessary  at  least 
to  have  recourse  to  the  plumber  as  affording  the  most  certain  means  of 
relief.  It  was  notable  also  that  the  outflall  se^er  that  had  been  over- 
taxed to  the  danger  point  for  a  year  or  two.  was  amply  able  to  carry 
the  burden  it  had  been  groaning  under. 

You  will  ask,  no  doubt,  "Has  the  saving  in  water  justified  the  eoc- 
pense  of  the  meters?"  I  reply  by  asking  the  question:  If  the  quantity  of 
water  saved,  spared  the  city  from  the  appalling  effects  of  a  temporary 
water  famine,  how  shall  we  appraise  the  benefits?  But  as  a  matter  of 
fact  the  meters  have  not  cost  thei  city  a  dollar  for  the  reason  that  until 
the  first  bill  was  presented  nine  out  of  ten  of  the  consumers  had  got  so 
in  the  habit  of  wasting  water  by  disregarding  what  appeared  trivial  leaks, 
permitted  water  enough  to  waste  to  pay  for  the  mteter  and  all  the  ex- 
pense of  setting  it,  and  in  some  cases  twice  as  much,  for  we  found  several 
instances  where  a  flat  rate  of  say  4  or  5  dollars  per  month  had  been 
paid,  that  the  meter  bill  for  the  first  month  would  be  50  dollars  or  more. 
Of  course,  there  were  loud  and  vigorous  protests  that  the  meter  must  be 
wrong,  and  other  excuses  enough  to  render  life  a  burden  to  the  Collectors, 
but  no  compromises  were  made,  the  slogan  of  the  office  being  "stop  the 
waste  or  pay  for  it,"  until  now  the  people  find  they  are  on  an  average 
paying  less  than  they  did  under  the  flat  rate  system  and  the  city  Is  ahead 
on  this  small  district  alone  about  2  hundred  inches  of  water. 

At  the  present  time  the  Department  is  setting  meters  at  the  rate 
of  about  300  a  month,  and  the  public,  in  whose  interest  they  are  sef,  has 
begun  to  accept  them  with  equanimity  and  as  a  matter  of  course. 

It  is  curious  to  look  back  and  review  the  unreasonable  opposition 
their  introduction  invoked  when  the  fact  was  so  widely  published  that 
unless  some  restrictive  measures  were  taken  the  dty  would  have  suf- 
fered a  water  shortage  that  would  certainly  have  worked  incalculable  in- 
jury. But  that  has  been  the  history  of  this  innovation  in  every  city 
where  the  system  has  been  introduced,  and  as  with  us,  the  result  of  the 
use  of  meters  after  a  fiair  trial  has  been  so  manifest  that  the  public  has 
come  to  regard  them  as  a  necessity  as  much  as  fire  hydrants  or  any  other 
water  works  fixture. 

But  it  must  be  remembered  that  the  reason  for  their  adoption  was 
far  more  vital  in  Los  Angeles  than  in  almost  any  other  city  in  America. 
Take  such  cities  as  Cleveland  or  Milwaukee,  the  two  most  universally 
metered  of  the  large  cities  of  the  United  States;  surely,  it  was  not  a 
scarcity  of  water  that  impelled  them  to  curtail  waste  by  this  means,  for 
they  take  their  water  supply  from  the  great  lakes  that  lap  their  shores, 
and  the  pipe  through  which  they  distribute  it  costs  them  30  per  cent,  less 
than  it  does  Los  Angeles. 

The  fact  is  that  waste  of  water  in  this  city  threatened  to  sap  our 
very  vitals,  and  our  efforts  to  curb  it  have  already  been  rewarded  by  a 
reduction  of  nearly  40  per  cent,  in  the  consumption,  which  gives  us  sev- 
eral years  respite  to  procure  an  additional  supply.  So  all  hail  to  the 
little  silent  watchman  that  never  sleeps  and  that  can  neither  be  bribed, 
bullied  or  bluffed. 

If  it  appears  to  you,  gentlemen,  that  I  have  been  overriding  this 
hobby;  and  I  admit  it  is  a  hobby  of  mine,  for  the  riding  of  which  I  have 
suffered  much  execration,  I  shall  let  its  results  be  my  apology,  for  it 
has  added  to  the  available  water  supply  of  the  City  of  Los  Angeles  and 
the  country  generally  by  at  least  600  inches  of  water  already  and  will 
double  this  amount  within  a  year. 
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AFTERNOON  SESSION. 

At  the  opening  of  the  afternoon  session,  the  chairman  introduced 
Mr.  James  Mills  of  Riverside,  who  spoke  as  follows  on: 

ECONOMY  IN   IRRIGATION. 

Professor  Ck>ok  has  met  me  in  the  large  orchards  of  the  Arlington 
Heights  Fruit  Co.,  over  which  I  have  the  pleasure  to  preside  as  sufperin- 
tendent  of  the  Land  Department,  and  he  has  heard  m^  speak  on  the 
ground,  and  1  believe  that  if  I  had  you  in  the  orchards  at  Arlinglton 
Heights  I  might  well  be  able  to  illustrate  the  methods  we  pursue  there 
looking  to  economy  in  irrigation.  I  have  no  paper.  I  am  not.  a  writer. 
I  am  merely  a  farmer;  and  farmers  work,  but  write  little.  I  will  tell 
you  as  well  as  I  can  of  the  methods  pursued  in  this  matter  on  Arlington 
Heights,  and  I  will  be  as  brief  as  possible,  because  there  will  follow  me 
a  man  with  splendid  ability  in  addressing  audiences  of  this  kind — a 
practical  man  and  one  who  has  succeeded. 

Let  me  say  in  opening  that  I  believe  from  actual  experience  that 
there  are  more  orchards  ruined  by  over-irrigation  than  by  under-irri- 
gation;  that  there  are  more  men  who  ruin  their  prospects  by  pouring 
water  on  and  ofC  their  lands  than  there  are  those  who  do  it  by  irrigating 
their  lands. 

As  I  understand  iarrigation,  it  is  placing  water  in  the  soil  for  the 
development  of  the  orchard,  for  the  taking  up  in  solution  of  the  ele- 
ments of  the  fertilizers  that  you  put  in  or  that  nature's  God  put  in  the 
soil  and  feeding  it  through  the  root  system  to  the  tree  and  thus  deposit- 
ing in  the  laboratory  of  the  tree  the  foodstuffs  that  were  taken  up  and 
carried  through  nature's  avenues  to  their  place  of  deposit. 

Now,  the  theory  I  would  like  to  give  you,  is  this,  that  if  you  pour 
water  over  your  soil  you  are  damaging  your  soil,  damaging  your  pros- 
pects and  damaging  your  bank  aiocount.  I  will  tell  you  what  we  have 
done  and  what  we  have  accomiplished;  and  I  will  begin  with  one  piece 
of  land,  sandy  and  somewhat  sterile,  which  has  had  but  one  irriga- 
tion each  year  for  the  last  three  years,  and  that  irrigation  given  in  order 
to  plant  the  cover  crop. 

When  I  took  possession  of  the  office  I  am  no  occupying  under  Mr.  W. 
J.  Fraser,  who  is  manager  of  that  great  property,  I  found  this  -block  of 
twenty  acres  took  more  water  than  w©  could  possibly  afford  to  give  it. 
I  gave  it  six  hundlred  inches  of  water  the  first  irrigation.  1  came  to  the 
conclusion  that  if  it  needed  that  water  each  Irrigation,  we  didn't  want 
the  land  in  our  business,  because  it  was  a  grea/t  loss  and  a  great  failure. 
I  dug  into  the  soil  ten  feet,  everywhere,  through  the  twenty-acre  tract. 
I  took  the  soil  to  my  homei  and  put  it  under  the  milcroscope,  and  I  found 
that  I  had  building  stones  in  miniature  and  not  soil.  All  of  the  humus 
had  been  burned  out  or  washed  out  or  eaten  out — it  was  gone.  I  saw 
that  I  must  first  place  in  the  soil  humus. 

I  took  animal  fertilizers  to  start  with,  and  on  top  of  them  I  put  my 
cover  crop  of  cow-peas;  following  that  with  a  oover  crop  of  the  Canadian 
field  peas,  the  commion  white  field  peas.  I  turned  them  under  in  the 
winter.  I  caught  and  held  the  rains,  and  I  pledge  my  word  that  I 
hadn't  to  irrigate  that  piece  of  land  until  the  first  of  October  the  following 
fall.  I  did  not  leave  it  without  carefully  examining  the  soil  every  month. 
I  had  dug  a  hole  ten  feet  deep,  six  feet  long,  sometimes  longer,  and  18 
inches  wide,  that  I  might  get  in  there  and  examine  the  soil  as.'  to  the 
content  of  moisture  in  it.  I  also  took  those  samples  of  soil  to  my  office 
and  examined  them  there.  I  watched  the  trees.  There  is  the  Index-r 
the  tree.  The  tree  will  tell  you  when  It  needs  water,  and .  there  is  no 
necessity  to  give  it  before  then,  because  you  will  damage  its  prospects 
If  you  do.    I  watched  that  every  month,  and  prohibited  the  irrigators 
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from  putting  tbe  water  on  until  the  first  of  October.  It  was  a  re-budded 
orchard  that  had  been  Sweets.  It  was  budded  over  to  Navels.  The 
buds  were  three  years  old.  We  took  forty-five  hundred  loose  boxes  oft 
that  place  with  its  one  Irrigation;  and  it  didn't  need  the  irrigation  at 
that  time,  but  the  peas  did,  because  I  wanted  to  put  another  cover  crop  la. 

The  next  y«ar  we  irrigated  it  in  July  to  give  it  another  cover  crop, 
and  we  took  ten  thousand  boxes  of  firult  off  it  I  give  you  this  illustra- 
tion that  the  pouring  of  water  onto  that  piece  of  ground  every  thirty- 
days  would  not  have  been  economy;  it  would  have  been  a  dead  loss.  I 
say  to  you,  for  the  sake  of  economy  in  irrigation^  don't  Irrigate  your 
tree  until  you  know  it  needs  the  irrigation. 

Water  should  not  leave  your  soil.  You  can  iirigate  your  soil  without 
wasting  water.  There  are  thousands  who  will  tell  you  that  you  can, 
for  they  have  seen  it  done;  they  do  it  themselves. 

We  irrigate  one  piece  of  landi  not  oftener  than  eight  weeks,  very 
seldom  within  nine  and  ten  weeks,  in  the  hottest  time  of  the  year.  Right 
alongside  of  it,  right  across  the  line,  within  ten  feet  of  that  orchard, 
there  is  another  orchard  irrigated  every  thirty  days;  and  within  ten  days 
after  every  irrigation  it  Is  needing  another  drink,  and^  needs  it  badly. 
Why?  On  these  lands  over  which  I  preside,  we  cultivate,  and  cultivate, 
and  cultivate.  We  get  that  dust  mulch  that  holds  down  the  water.  The 
other  man  does  not  cultivate.  He  scratches  the  top  of  the  soil  the  way 
many  of  you  do, — many  of  you,  for  I  have  been  over  your  lands  all  through 
the  state.  You  scratch  the  top  of  the  soil.  What  happens?  Every 
caplllajry  tube  that  you  ought  to  have  shattered  and  deld  down  with 
your  du£t  blanket  is  in  contact  with  the  surface  of  the  soil  and  the  great- 
est power  in  earth  or  Heaven,  outside  of  the  Almighty  Himself,  the  g^reat 
sun,  that  reigns  over  the  meridian  draws  every  drop  of  watetr  that  you 
put  into  the  soil  out  again  and  eivaporates  it  into  tbe  atmosi^ere,  where- 
as, every  drop  of  it  should  have  gone  into  your  iroot  system,  up  through 
your  tree,  into  your  leaf,  and  there,  by  transpiration,  sent  off  into  the 
atmosphere.  Why  put  water  into  the  soil  if  you  are  going  to  allow  the 
sun,  with  its  tremeaidous  power,  to  suck  it  up  and  send  it  off  into  the 
atmosphere?  1  tell  you,  gentlemjen,  that  you  have  got  to  use  your  culti- 
vator. It  is  water,  it  is  fertilizer,  it  is  fruit,  it  is  success;  and  without 
the  cultivator,  it  is  failure.       (Applause.) 

I  say  to  you,  gentlemen,  that  you  don't  need  to  use  one  inch  to 
five  acres  on  any  tree  or  any  orchard  tliat  is  not  12  or  15  years  odd. 
Take  your  young  trees.  You  plant  a  young  orchard.  A  fine  piece  of  soil, 
friable,  capable  of  the  very  finest  results  if  you  use  your  plow  and  your 
cover  crops.  You  put  it  in.  You  spread  your  w«.ter  through  five  or 
six  furrows,  shallow,  and  you  run  the  water  through  them.  What  good 
does  it  do  that  tree?  Not  a  whit.  Now,  if,  in  placing  tliat  young  tree, 
you  would  dig  your  hole  deep  and  put  it  in,  you  don't  need  more  thiui 
one  furrow  during  the  first  two  years  of  its  life,  and  you  will  be  giving 
it  a  root  system  down  deep  into  tbe  earth  so  that  It  can  in  its  after 
years  hold  its  head  up  heavenward,  because  it  has  its  roots  down 
towards  the  center  of  the  earth.  You  ought  to  get  a  root  system  three 
or  four  feet  down.  You  can  get  it.  You  can  get  it  deep,  for  I  have 
followed  my  roots  six  or  seven  feet  down.  And  there  is  fertilizer  there; 
there  is  humus  there;  and  there  is  a  vast  reservoir  of  sulb-soil  moisture 
that  will  sustain  you  and  your  tree  in  the  years  of  drought  such  as  we 
have  had  the  last  few  years.  For  economy  of  water,  then.  I  aay  to  you,  in 
planting  your  trees  strike  their  roots  deep;  keep  yo\ir  water  nelar  it 
The  very  best  orchardists  do  this.  Not  up  against  it,  because  that  would 
spoil  your  tree,  but  18  inches  or  so  from  it,  so  you  can  cultivate  it  with 
a  walking  cultivator,  and  let  it  sink  down  into  the  soil. 

That  will  strike  out  laterally  and  will  give  the  tree  ample  room  to 
spread  its  roots.  Don't  have  your  tree  spread  its  roots  all  over  the  sur- 
face so  that  they  are  within  ten  or  twelve  inches  and  when  you  come 
to  plow  you  wijl  cut  its  roots  off.    The  roots  have  no  right  to  be  on  the 
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surface.  They  ought  to  he  where,  if  you  plow  nine  inches,  you  will  not 
cut  your  leading,  feeding  roots.  Three  years  ago  I  dug  into  a  piece  of 
land,  a  heavy  soil.  I  could  not  get  down  IS  inches.  It  was  as  dry  as 
the  hub  of  that  old  cart  out  there.  The  next  year  I  went  down  I  got 
six  feet;  last  year  I  got  down  12  feet.  I  cut  me  a  trench  16  feet  long, 
12  feet  deep,  and  drove  a  trench  underneath  the  tree.  Those  roots 
three  years  ago  were  on  the  surface.  We  cut  them  out  unmercifully 
with  a  disc  plow;  left  nothing  that  a  plow  could  catch;  went  down  and 
down  and  down;  and  those  places  which  needed  irrigation  every  three 
weeks  before  only  need  it  now  every  eight  or  nine  or  ten  weeks  apart. 
We  can  get  along  with  less  than  one  inch  to  five  acres,  and  we  can 
actually  get  along  with  less  than  that  for  years  to  come,  especially  where 
we  have  any  young  orchard.  I  have  found  this — that  the  fewer  times  I 
irrigate,  the  better  it  is  for  the  treei,  the  better  it  is  for  the  company, 
the  better  it  is  for  our  bank  account.  I  say  to  you,  that  the  less  water, 
in  reason,  you  give  your  orchard,  the  better.  Give  it  the  cultivator. 
Where  you  used  to  irrigate  twice  and  cultivate  once,  cultivate  six  timels, 
if  you  have  got  the  time,  but  get  that  mulch  that  holds  the  water  down 
and  feeds  it  to  the  tree.  Don't  let  it  be  sucked  up  to  the  surface  and 
be  deposited  in  the  atmosphere  where  it  is  no  good  to  you  or  to  the  tree. 

How  shall  you  get  it  down  deep?    Get  a  deep  furrow  into  your  soil; 
not  a  surface  furrow,  but  a  deep  furrow,  and  as  few  as  possible. 

A  Delegate — How  deep? 

Mr.  Mills — ^Nine,  ten  inches.  Ride  on  your  cultivator.  Load  it  down. 
Get  it  down.  When  you  irrigate,  don't  run  the  water  off  your  soil.  At 
the  lower  end,  get  your  cross-furrows,  and  when  your  water  comes  down 
there,  take  care  of  it.  Strike  it  out  into  your  cross-furrows;  hold  it 
there.  If  you  have  more  water  than  your  men  can  handle,  go  up  to 
the  flume  and  cut  it  down.  Cut  it  down,  whether  you  are  entitled  to  it 
or  not.  Let  it  go  back  into  the  ditch  and  flow  down  that  ditch  to  your 
neighbor,  who  needs  it  worse  than  you  do  if  it  is  running  off  your  land. 

Now,  that  you  have  got  your  land  irrigated,  close  your  furrows 
quickly.  Don't  leave  it  24,  .36  or  48  hours,  until  you  can  get  your  culti- 
vator in  upon  it.  Close  them  at  once.  A  July  sun  will  take  35  per  cent 
of  the  water  that  you  put  in  the  soil  out  in  one  day.  Close  your  furrow 
and  get  your  ground  mulched,  and  it  will  cut  off  the  water  from  going 
off  by  evaporation.  Just  as  soon,  then,  as  the  water  has  equaJized 
Itself  in  the  soil — and  it  will  equalize  itself  all  over  if  you  will  hold  it — 
get  in  and  cultivate.  If  two  horses  can't  do  it  put  four  on,  and  if  four 
can't  do  It  pur  six  on.  And  put  your  cultivator  down  eight  or  nine  inches, 
and  hold  it  down.  Cultivate  across,  cultivate  with  the  water,  and  culti- 
vate again.  Every  time  you  cultivate  you  mellow  the  soil;  you  let  the 
air  in;  it  brings  the  oxygen;  it  feeds  the  nitrifying  bacteria  and  in- 
creases them,  and  as  they  increase  just  In  that  proportion  does  your 
tree  get  fertilizer,  and  it  will  not  without  it.  The  cultivator  will  econ- 
omize in  fertilizer,  the  cultivator  will  economize  in  water*  the  cultivator 
will  economize  in  money;  it  will  save  your  money  and  pile  It  up  for 
you.     (Applause.) 

A  Delegate — How  close  to  the  trees  would  you  run  these  deep  fur- 
rows? 

Mr.  Mills — ^How  close  to  the  outer  margin  of  the  tree,  do  you  mean? 

The  Delegate — Yes,  sir. 

Mr.  Mills — We  were  using  four,  five  and  six  furrows.  We  talked 
it  over,  the  foreman  and  mtyself.  On  one  piece  of  land  I  said  to  him, 
"Drive  a  trench  across  there  the  whole  twenty  feet."  I  went  in  and 
examined  it.    We  had  used  four  furrows.    It  is  a  double  set  place. 

The  next  irrigation,  I  said,  "Jim^  use  two  furrows.  Drive  me  another 
trench  in  another  place."  Lo,  and  behold,  we  had  just  as  much  water 
distributed  all  through  the  soil  with  two  furrows  as  with  foyr.  We 
went  to  the  other  lands  where  we  were  using  six  furrows.  The  sun  de- 
lights in  that  as  the  devil  delights  in  getting  hold  of  a  poor  poker 
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player,  sometimes.  Now,  we  went  in  there  and  made  four  furrows, 
and  we  did  it  witli  the  other  lands  that  we  took  care  of.  Why,  I  want 
to  tell  you  that  we  have  found  that  where  we  use  four  instead  of  six 
we  have  cut  the  sun's  little  bit  of  job  off  fifty  per  cent. 

A  Delegate — How  long  do  you  let  the  water  run  In  those  furrows? 

Mr.  Mills — ^We  let  it  run  two,  three,  four  daysT,  sometimes.  We  run 
a  very  small  ripple.  We  don't  run  a  full  head.  We  believe  that  the 
water  circulates  under  the  ground  as  well  as  above  it;  that  it  will  equalize 
itself  in  the  poorest  soil;  ihat  the  capillary  tubes  do  not  run  vertically 
only,  but  run  laterally  everywhere.  They  say  we  get  too  much  near  the 
ditch  and  too  little  at  the  lower  end.  We  find  our  trees  at  the  bottom 
now  doing  just  as  well  as  the  trees  at  the  top.  But  formerly  I  found 
this:  I  found  some  places,  the  trees  at  the  lower  end  of  the  orchard 
were  rich  and  luxuriant^  and  there  was  fruit  on  them,  but  yonder  there 
was  nothing  on  them.  Why?  I  could  not  figure  it  out  for  the  life  of 
me.  I  rode  the  plow,  I  followed  the  cultivator,  I  talked  with  the  men, 
I  watched  the  irrigator  and  all.  But  after  three  or  four  months  I  came 
to  this  coniclusioin;  the  lands  were  hard  and  unyielding;  they  were  just 
set  up  like  adobe  bricks.  They  were  adobe  bricks;  if  you  had  just 
cut  them  out  in  sections  you  could  have  built  a  house  with  them.  And 
why?  The  cultivating  had  been  done  poorly.  I  said  to  one  man  who  was 
there  formerly^  "How  did  you  put  your  fertilizer  on?  Didn't  you  do  it 
broadcast?" 

I  could  not  plow  it,  I  could  not  cultivate  it.  And  I  came  to  the 
conclusion  deliberately  that  the  fertilizer  had  been  put  onto  the  top 
of  the  soil  and  that  the  irrigating  water  that  formerly  run  oft  slushed 
it  off,  and  some  of  it  got  into  the  lower  sections.  Now,  you  have  no 
right  to  wash  your  fertilizer  out  that  way.  Put  it  in  your  soil.  Bring 
your  water  slowly  to  it,  so  that  as  it  gets  towards  the  end  of  the  furrow 
it  is  seieking  the  depths  and  when  you  have  reached  the  end  of  the 
furrow  you  know  that  your  soil  is  saturated  for  the  time.  If  you  put  a 
furrow  out  six  feet  from  your  root  system  the  water  will  strike  the  root 
system  if  your  work  has  been  done  on  the  surface  properly  so  that  it 
can  get  through  the  plow  sole.  Don't  have  a  plow  sole.  Put  your 
furrows  deep;  put  your  cultivator  deep;  get  your  furrows  for  irrigat- 
ing deeper  than  your  eultlvator  can  go,  and  you  will  have  no  plow  sole 
to  worry  you.  We  use  our  sub-soiler.  Where  four  horses  didn't  do 
it,  six  did  or  eight  did.  But  we  tore  them  urp.  We  don't  do  it  atnyi 
more;  we  don't  need  to  do  it.  Lands  that  needed  irrigation  on  Arling- 
ton Heights  every  three  weeks — ^the  lemons — don't  get  it  now;  thejy 
don't  need  it. 

You  are  no  rancher  if  you  don't  know  what  is  under  your  sqII — 
whether  it  is  hard-pan,  or  sand,  or  gravel,  or  rich  loam.  Get  down 
into  the  soil  and  know  what  is  there  and  then  you  will  know  what  to 
do,  know  what  it  will  hold.  It  needs,  of  course,  three  or  four  hundred 
pounds  of  water  to  make  a  solid  pound  of  material;  but  some  of  you 
use  six,  nine  and  twelve  hundred  pounds  of  water  to  do  that.  Don't 
do  it  any  longer. 

A  Delegate — How  do  jrou  cultivate  under  the  tree? 

Mr.  Mills — I  don't  do  it.  I  keep  away  from  the  tree.  Don't  injure 
the  tree.  The  roots  go  out  everywhere.  The  water  goes  down.  You 
don't  need  to  get  up  under  your  tree.  We  don't  prune  our  trees  up;  we 
let  them  lie  down  upon  the  ground  We  get  the  most  and  the  best  of  our 
fruit  on  the  ground. 

A  Dele^rate — How  faa-  would  your  water  spread  sid'ewise  in  a  light 
sedimentary  soil,  say.  within  three  feet  of  the  top? 

Mr.  Mills— Under  those  conditions  I  will  say  that  we  have  found 
out — where  we  have  our  trees  planted  twenty  feet  apart  we  have  used 
two  furrows. 

The  Chairman — ^Perhaps  it  would  be  fairer  to  out  next  speaker  if 
we  should  go  to  the  next  subject  on  the  program,  and  then  after  we  have 
that,  again  take  up  the  questions. 
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The  Chairman — ^I  ha.ve  been  up  in  the  Arlington  orchard  and  I  have 
been  delighted,  because 'they  do  what  they  aay  they  do.  It  is  a  mulch 
down  not  two  or  three  inches  but  five  or  six  inches.  Now,  a  few  years 
ago  I  said  to  a  gentleman/  'How  is  it  your  brother  has  got  this  fine  repu- 
tation for  product  in  fruit?"  He  said,  "It  is  because  of  the  excellent 
management  in  the  orchard."  So,  when  I  read  Professor  Powell's  report 
and  saw  that  of  that  fruit  only  four  per  cent,  was  injured,  I  believe,  I 
said  to  my  wife,  "That  is  the  Chapman  orchard."  I  am  glad  Mr.  Chap- 
man is  here  today,  because  he  uses  a  deep  mulch  and  he  uses  the  least 
amount  of  water,  I  think,  required.      It  is  my  pleasure  to  introduce 

C.  C.  CHAPMAN.  OF  FULLERTON. 

Tou  all  know  how  refreshing  it  is  to  listen  to  a  good 
talker  as  well  as  a  good  rancher  like  Mr.  Mills,  and  you  are  all  very 
glad  that  he  didn't  have  a  paper  to  hold  himi  down  to  any  particular 
line.  Tou  get  an  inspiration  from  hearing  men  talk  as  he  does.  And 
it  is  not  theory,  either.  He  runs  his  business  up  at  Arlington  Just  the 
same  way,  and  if  you  would  go  up  there  once  and  visit,  as  I  have  had 
the  pleasure  of  doing,  you  would  Gom,e  away  feeling  yo<u  had  never  known 
anything  about  ranching  before,  but  you  had  learned  a  great  deal  that 
particular  day.  Elvery  time  I  visit  that  section  I  come  home  determined 
to  do  my  business  in  a  better  way.  I  always  learn  a  great  deal  from 
Mr.  Mills,  as  we  all  have  this  afternoon.  It  is  almost  useless  for  me 
to  attempt  to  discuss  the  question  that  he  has  so  ably  handled,  t  Just 
want  to  emphasize  a  few  of  the  points  that  he  has  made. 

In  the  first  place,  about  the  numerous  and  shallow  furrows  that  are 
generally  in  use.  I  want  to  say  that  my  experience  is  that  of  Mr.  Mills. 
It  is  fatal  to  the  very  best  results  and  the  greatest  economy  in  the  use 
of  water.  You  do  not  need  six  furrows.  I  have  never  reduced  it  to  two, 
as  he  has  done,  but  you  had  far  better  reduce  it  to  four  if  yoi|r  trees;  arei 
twenty-four  feet  apalrt.  But,  instead  of  making  the  ordinary  three-inch 
shallow  furrow,  as  most  ranchers  do,  go  down  and  use  a  machine  some- 
thing like  a  sub-soiler.  Now,  I  have  had  great  difficulty  in  finding  a 
machine  that  would  do  this  work — a  furrower  that  wxnild  require  Umr 
big  animals  to  pull  through  the  orchard.  I  have  at  last  su/oceeded  in 
getting  one.  I  use  the  point  of  a  sub-soiler  with  a  very  large  shovel,  and 
we  take  four  of  those  and  go  down  about  twelve  inches.  Then  what 
have  you  done?  You  have  put  the  water  down  nearer  where  you  want 
It;  you  have  saved  this  tremendous  loss  by  evaporation,  and  these  sci- 
entific gentlesnen  tell  us  that  in  these  narrow  furrows  that  it  runs  from 
seventy  to  eighty  per  cent,  of  loss  in  a  summer  day  by  evaporation  alone. 
You  have  not  only  saved  in  the  loss  by  evaporation,  but  you  have  put 
the  water  where  it  will  do  you  some  good.    And,  as  he  said,  it  is  out 

Another  thought  I  want  to  emphasize  is  not  only  this  thing  of  the 
of  the  way  of  the  sun's  rays.      So,  try  that. 

furrow,  that  the  too  frequent  irrigation.  I  am  just  as  sure  as  he  is  that 
that  Is  a  mistake.  It  is  a  mistake  to  water  your  ranch  every  thirty  days 
or  every  forty  days  or  every  sixty  days.  Now,  you  will  think  you  cannot 
help  it,  it  must  have  it.  Well,  of  course,  when  you  do  that,  you  bAI 
understand,  you  are  only  watering  the  surface,  you  are  only  watering 
twelve  or  fifteen  inches.  You  are  hurrying  the  water  over  it,  and  that 
is  all  you  have  done  and,  of  course,  you  have  to  get  at  it  agiain.  You 
have  attracted  the  tree  to  come  up  with  its  little  feeders  to  the  surface, 
and,  of  course.  Just  as  soon  as  the  sun's  rays  come  out  the  ground!  is 
heated,  eavporation  takes  place,  and  you  have  to  irrigate  again.  But 
that  is  a  useless  waste  of  water,  it  is  a  waste  of  labor. 

And  I  want  to  tell  you  something  else  it  will  do.  Your  orchard  is 
more  liablet  to  grow  dry  by  that  process,  get  dry,  and  the  result  will  be 
puffy  fruit.    Don't  depend  on  water  to  grow  your  fruit.    Some  of  you  put 
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on  a  good  deal  of  water,  but  I  wcmt  to  tell  you  I  don't  belieye  you  can 
raise  a  good  orange  in  a  lake  of  water.  I  would  emphasize  what  Mr.  Mills 
has  said  with  reference  to  cultivation.  If  you  want  to  raise  a  delicious 
orange,  don't  raise  it  on  water.  Your  flavor  will  not  compare  with  that 
gotten  by  cultivation.  If  you  want  an  orange  that  will  carry  to  market, 
when  It  requires  fifteen  to  forty  days  to  reach  a  market,  don't  raise 
that  orange  on  water;  raise  it  on  cultivation.  Save  your  water,  save 
your  trouble,  and,  as  Mr.  Mills  says,  let  youar  neighbor  have  it  if  he  needs 
it.  You  don't  need  it  Of  course,  there  are  conditions  in  soil  that  must 
always  be  accounted  for,  and  yet  I  believe  that  Mr.  Mills  has  in  his 
large  place  of  hundreds  of  acres,  almost  every  kind  of  soil,  and  I  know 
I  have  several  'kinds  ranging  from  the  lightest,  loamy,  sandy  soil  to  a 
very  heavy  soil.    It  is  a  mistake  to  use  tdo  much  water. 

But,  now,  you  must  adopt  drastic  measures  if  you  attempt  to  undo 
the  work  that  you  have  for  years  been  doing — ^teaching  your  trees  bad 
habits.  You  must  do  as  most  people  do  when  they  are  cutting  off 
bad  habits.  It  requires  a  good  deal  of  will-power  and  a  good  deal  of 
nerve.  You  have  to  teach  your  trees  to  go  deep.  Put  the  water  there 
first;   don't  put  it  on  the  surfajce. 

Now,  I  remember  some  trees  I  was  fortunate  enough  to  purchase 
from  Mr.  Mills.  I  put  them  out  in  June.  We  watered  them,  of  course, 
at  that  time;  and  we  watered  them  In  September  following.  We  didn't 
put  a  drop  of  water  on  those  trees  until  the  next  June;  and  in  two  years 
they  had  two  irrigations,  and  I  will  defy  any  man  to  produce  finer  trees 
in  Southern  California.  They  are  eight  to  ten  feet  high  now,  and  not 
three  years  old.  But  I  tauight  them,  as  he  said,  right  at  the  start  to 
go  down  after  water,  and  then  if  I  don't  irrigate  them  any  particular  day, 
week  or  month,  there  is  no  particular  damage  done,  don't  you  see, 
because  the  roots  are  down  out  of  the  way. 

Now,  Just  another  thought  about  the  running  of  water  onto  your 
neighbor.  I  tell  you  that  is  not  only  wasteful,  but  it  is  almost  criminal. 
If  you  are  enterprising,  you  won't  run  the  water  in  the  public  highway. 
You  are  wasting  the  very  life  of  your  soil  by  doing  so,  and  then,  too, 
you  are  making  a  lake  out  of  the  highway.  If,  instead  of  running  your  fur- 
rows clear  down,  you  will  form  up  your  last  two  or  three  rows  of  trees 
nicely,  they  will  hold  all  the  water  that  should  come  to  those  trees. 
Give  attention  to  this  important  question  of  irrigation.  Mr.  Mills  does 
it.  He  wants  to  become  acquainted  with  his  soil,  and  that  is  what  we 
must  do.  Let  us  follow  the  splendid  example  he  has  set  and  we  will  all 
leel  amply  repaid  for  having  the  pleasure  of  listening  to  him  this  after- 
noon. There  is  a  great  deal  that  might  be  said,  but  I  know  the  Chairman 
has  a  happy  faculty  of  drawing  out  all  that  an  audience  knows;  and  yon 
have  a  great  deal  of  information  here  this  afternoon  before  you.  Pro- 
fessor, and  I  will  let  you  take  charge  of  it.     (Applaus.e) 

The  Chairman — These  gentlemen  are  good,  teachers.  Would  you 
like  to  ask  any  questions  of  them?  I  doubt  if  we  have  any  better 
teachers  anywhere  than  they.    I  have  been  In  both  tl\eir  orchards  and 

I  know. 

A  Delegate — ^How  deep  is  the  water  on  Mr.  Mills'  orchards  before 

the  rains? 

Mr.  Mills — How  far  down  in  the  ground? 

The  Chairman — ^How  deep  are  your  orchards  moist  before  the  rains 

come? 

Mr.  Mills — ^We  prospected  our  soils  during  July  and  Augrust.  We 
went  always  ten  feet,  and  sometimes  fifteen — once  fifteen.  We  didn't 
get  to  the  botom  of  our  sub-soil  moisture.  We  have  followed  this  prac- 
tice every  year,  to  satisfy  ourselves  that  we  had  the  moisture  in  the  soil. 

A  Delegate — Mr.  Chapman  used  one  expression  that  I  would  like 
to  inquire  about  He  said  "form  your  lower  trees  up."  Does  he  mean 
basins,  and,  if  so,  does  he  prefer  that  to  Mr.  Mills'  method  of  cross- 
furrowing? 

-    34   — 


Mr.  Cbapmazi — 1  think  it  would  be  more  easy. 

The  ChaiTman — ^You  have  tried  the  furrows  of  Mr.  Mills? 

Mr.  Chapman — Yea,  sir. 

The  Chairman — ^And  prefer  the  basins? 

Mr.  Chapman — Yes,  sir. 

A  Delegate — How  far  do  yxMi  run  that  water  in  the  20-acre  piece? 
What  length  do  you  run  your  water  on  the  20-acre  piece,  that  sandy 
piece  of  land? 

Mr.  Mills — ^Just  the  660  feet  On  this  other  piece  which  Mr.  Chap- 
man examined  with  Mr.  C.  C.  Teague  and  others,  we  were  running  about 
1200  feet  This  year  we  set  out  some  young  orchards  and  we  are  run- 
ning the  water  1200  feet. 

A  Delegate — ^Don't  you  think  that  necessarily  carries  a  great 
deal  of  the  vegetable  matter  and  substance  in  the  soil  down  to  the  lower 
part  of  the  orchard? 

Mr.  Mills — No,  we  don't  run  our  water  that  way.  We  run  a  very  small 
head  of  water.  In  fact,  you  could  go  to  any  of  our  irrigating  furrows 
at  the  flume  and  take  the  smallest  point  of  your  sharpened  pencil  and 
shut  the  gate  down  with  it.  In  fact,  that  pencil  would  not  go  through 
ihe  aperture  that  we  use  for  irrigating.  We  have  the  sutb-soil  full  of 
moisture.  We  haven't  got  to  wet  it  down  to  China.  We  have  merely 
got  to  reach  the  sub-soil  water,  and  our  irrigating  furrow  is  furnished  by 
a  very  small  stream. 

A  Delegate — My  experience  is  that  that  small  stream  would  take  a 
long  time  to  get  through  an  orchard.  « 

Mr.  Mills — Well,  it  does.  It  depends  upon  the  fall  in  the  ground. 
Of  course,,  on  the  sandy  piece,  that  20-acre  piece,  that  is  not  true.  When 
we  irrigate  that,  once  a  year,  we  do  it  with  a  larger  flow.  It  is  almost 
level,  and  quite  a  sandy  piece.  It  has  to  have  a  bigger  flow.  But  the 
water  gets  down  (there.  No  hard-pan  ever  gets  there,  and  it  goes  in. 
We  only  do  that  once  a  year  to  put  our  cover-crop  on. 

A  Delegate — I  would  like  to  ask  Mr.  Mills  if  he  has  any  adobe  soil? 

Mr.  Mills— Yes,  sir. 

A  Delegate — Do  you  treat  that  the  same  way?  " 

Mr.  Mills — This  piece  I  speak  of  having  prospected  twelve  feet  down, 
three  years  ago  we  were  not  able  with  a  picKax  to  get  down  eighteen 
Inches.  My  foreman  and  myself  tried  it.  We  sweat  well  over  it.  We 
gave  it  up,  because  there  was  no  moisture  under  that.  It  was  a  very 
hard,  heavy  piece  of  soil;  and  that  is  the  very  piece  we  went  twelve  feet 
down  and  had  our  moisture  this  year.  We  gave  it  a  heavy  coating  of 
animal  fertilizer  two  years  and  a  half  ago;  we  followed  it  with  a  cover 
crop  last  year,  snad  another  this  year.  We  have  got  the  humus  in  that 
soil,  and  the  soil  is  much  more  mellow. 

The  Chairman — ^Is  there  any  relation  between  your  cover  crop  and 
your  moisture?    Does  that  add  to  your  moisture?  » 

Mr.  Mills — ^Wonderfully,  wonderfully.  Cover-crops  are  our  salvation, 
gentlemen.  It  will  advance  the  water-bearing — ^water-holding  capacity 
of  your  soil  enormously.  And  it  will  give  you  fertilizer.  You  read  that 
Century  article  in  last  May — last  September.  Get  it,  if  you  didn't  It 
is  worth  a  hundred  dollars  to  anyone  of  you.  I  wrote  to  Professor 
Moore,  who  sent  all  these  little  microbes  through  the  country  recently, 
about  it,  and  asked  him  if  it  was  true.  I  had  already  sent  him  samples 
of  nodules,  which  he  said  were  magnificent.  1  said,  "Is  it  true,  Professor 
Moore,  that  a  good  cover-crop  is  worth  thirty  to  forty  dollars  an  acre 
In  fertilizer?"  He  said,  "Yes,  it  is  true."  I  believe  it  is,  and  I  am  going 
to  act  on  it.  I  take  it  for  granted  that  it  is.  We  don't  need  to  take  it  for 
granted.  It  will  retain  the  water;  it  will  enrich  your  soil,  it  will  make 
it  mellow  and  capable  of  the  very  finest  pulverization.  That  is  what  we 
are  after.    Get  your  peas,  put  in  your  cover  crop;  grow  it  by  all  means. 

A  Delegate-— What  time  of  th«  year  do  you  plant? 

Mr.  Mills — This  year  I  will  put  oow  peas  in  one  orchard  in  May, 
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June  and  July;  put  one  section  in  at  a  time;  leave  one  section  to  irri- 
gate. Follow  with  field  peas  August,  September  and  October.  This  year 
1  put  in  a  crop  oC  cow  peas  and  planted  on  top  of  it  a  crop  oS.  field  pea& 
We  have  an  enornnous  crop;  we  are  delighted,  because  I  think  we  have  got 
$40,000  of  value  in  it.  The  peas  have  saved  our  lands  from  washing;  they 
help  us  hold  the  moisture,  they  give  us  fertilizer.  They  till  the  soil,  be- 
cause the  root  goes  down  and  puverizes  the  soil,  and  as  they  go  down 
the  air  and  water  follow,  your  soil  becomes  aerated;  you  don't  need  to 
plow  it  then.  The  cover-crop  is  wealth,  it  is  success.  It  will  fill 
Brother  Braly's  bank  to  overflowing  with  orange  mioney  if  you  will 
Just  use  it. 

A  Delegate — ^When  do  you  plow  this  under? 

Mr.  Mills — This  year  we  have  to  plow  them  under  as  we  can. 

A  Delegate — ^Are  you  plowing  now? 

Mr.  Mills — We  are  plowing  now  and  trying  hard  to  get  them  under; 
but  14:  is  hard  to  put  1200  acres  in  in  a  day.  We  have  1200  acres  of 
beautiful  cover-crop;  some  of  them  ten  feet  high — ^actually  ten  feet  high. 
I  took  m7  fork  and  lifted  one  away  lip  yonder  to  a  gentleman  the  other 
day,  and  he  was  amazed,  and  so  was  I. 

A  Delegate — Do  you  do  that  every  year? 

Mr.  Mills — ^Every  year.  You  need  not  be  afraid  of  giving  soil  indi- 
gestion in  this  country  with  cover-crops.  Put  them  in.  Tou  will  save 
cultivator,  save  water,  save  in  the  purchase  of  fertilizer;  you  will  save 
every  way. 

Jyfr.  Braly — 6ne  suggestion  would  come  in  very  pertinently  about 
this  irrigation  business  which  has  not  been  mentioned,  and  that  is  winter 
irrigation.  I  will  illustrate.  In  1884,  I  was  in  Fresno,  at  the  beginning 
of  the  raisin  industry  in  Fresno.  One  gentleman  planted  a  raisin  vine- 
yard of  about  a  hundred  acres.  He  was  hard-headed,  a  little  bit,  and  he 
said  he  was  going  to  pursue  a  method.  He  planted  root  vines,  well 
selected,  and  he  had  his  land  checked.  It  was  v^ry  dry  to  begin  with. 
Now,  that  country  is  all  well  sub-irrigated.  He  said  that  the  last  rain 
that  came,  he  tried  to  get  the  storm  water  into  the  ditches,  the  rich 
water.  He  planted  In  January.  In  February  and  March  he  filled  these 
checks  with  water  and  refilled  them:  When  they  would  go  clear  down 
and  out  of  sight,  he  would  re-fill  those  checks  with  water.  He  would  continue 
to  do  that  until — I  think  it  was  about  the  last  of  March.  For  two  months 
he  continued  to  do  that.  Then  he  started  in  with  his  cultivators,  and  he 
never  put  another  drop  of  water  on  that  raisin  vineyard  that  year.  When 
a  little  crust  would  form  under  his  cultivator  teeth  he  would  go  deeper; 
and  finding  or  getting  no  cultivators  that  would  do  the  work  satisfac- 
torily there,  he  sent  down  to  Los  Angeles  and  found  a  chisel-toothed 
cultivator  that  would  go  six^r  eight  injches  if  it  was  pressed  down. 
And  he  had  good  teams  and  he  kept  going  down.  And  this  gentleman 
would  go  with  his  spade  and  see  whether  there  was  any  crust  forming; 
whether  the  cultivator  teeth  were  riding  on  a  formation.  Wheni  there 
was  no  cruet  forming,  then  he  was  satisfied.  But  he  kept  that  vineyard 
cultivated,  and  cultivated,  and  cultivated,  all  'summer  until  he  had  the 
finest  growth  of  vines  of  any  man  in  the  country  and  made  the  finest 
success  of  his  vineyard. 

The  second  year  he  irrigated  his  vineyard  again  in  February,  when 
there  was  a  little  flood.  He  took  advantage  of  the  winter,  rich  flood 
waters,  that  is,  from  the  arroyo's  that  would  come  down  and  fill  the 
ditches.  The  Kings  river  water,  which  is  a  clear,  beautiful  water,  was 
shut  off  during  the  winter  time,  and  that  gentleman  never  irrigated 
his  vineyard.  That  was  the  dry  time.  That  was  the  beginning.  The 
waterlevel  was  from  fifty  to  seventy  feet  below  the  surface  at  that  time. 
But  he  stored  the  water  in  the  winter  time,  and  then  with  his  cultivators 
he  kept  it  mulched,  so  as  to  have  no  capillary  possibility  of  that  moisture 
from  below  getting  up.  Well,  that  vineyard  was  the  best  vineyard,  made 
the  finest  record  of  any  vineyard  in  Fresno  County^ 
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The  Chairman  then  Introduced  Mr.  J.  E.  Adamson,  of  Pomona,  who 
read  the  following  paper: 


POWER  AND  PUMPING. 

Tbe  history  of  pumping  in  Southern  California  is  a  story  of  continual 
change,  both  in  conditions,  and  apparatus.  Tlie  former  being  the  re- 
stilt  of  the  efforts  of  Nature,  to  strike  a  balance  in  the  matter  oiC  supply 
and  demand. 

The  change  in  apparatus,  being  necessitated  by  the  change  of  con- 
dition and  the  unpreparedness  of  the  machinery  people,  in  the  matter  of 
pumps  of  moderate  capacity,  and  high  efficiency. 

There  have  been  developed  in  the  past  decade,  two  general  types 
Qf  pumps  (the  centrifugal  and  the  deep-well),  having  good  average  effi- 
ciency even  in  the  smaller  sizes.  I  speak  advisedly  when  the  word  de- 
veloped is  used,  as,  though  both  these  pumps  were  in  use,  and  had  been 
for  several  years,  they  were  most  deplorable  examples  of  ''cut  and  try" 
engineering. 

Many  of  the  bad  mechanical  features  have  been  eliminated,  through 
a  process  of  wholesale  experiment,  carried  on  by  the  manufacturers,  at 
the  expense  of  the  water  using  public 

Both  these  pumps  now  show  good  results,  when  the  right  conditions 
are  present^  but  there  is  the  rub. 

No  two  pumping  propoeitions  have  the  same  conditions  even  when 
located  in  the  same  immediate  field,  and  with  all  the  costly  experiment 
and  improvement,  there  seems  to  be  a  great  void  in  the  matter  if  re- 
liable data,  from  which  the  prospective  owner  may  select  the  right  pump 
for  the  right  place. 

The  same  might  be  said  of  motive  power.  The  larger  plants  have 
an  advantage  in  that  highly  developed  steam  apparatus  can  be  used,  the 
leading  features  of  which  are  more  generally  known,  and  results  more 
easily  demonstrated,  than  is  the  case  with  the  Qaa  Engine,  the  motive 
power  most  adaptable  to  the  needs  of  the  small  user,  unless  he  is  in  a 
position  to  use  ESectric  power. 

The  increasing  depth  to  water,  year  after  year,  brings  with  it  fresh 
problems,  more  and  more  difficult  of  solution,  and  carrying  the  question 
of  water  development  further  and  further  into  the  realm  of  the  ESn- 
gineer  and  away  from  the  non-technical  owner. 

As  in  almost  all  aspects  of  the  water  question,  the  larger  com(panies 
have  the  advantage  of  the  small  owner,  in  the  matter  of  engineering. 

Their  operations  being  on  so  large  a  scale  as  to  warrant  the  emlploy- 
ment  of  competent  engineers,  something  the  ^small  company,  and  the 
private  owner,  cannot  afford  to  do. 

This  can  be  helped  by  co-operative  organization,  which  if  carried  out 
under  careful  management,  would  benefit  not  only  the  small  owner  but 
to  a  considerable  extent  the  present  large  owner,  and  save  much  good 
money  to  the  water  interests  every  year,  in  fuel  economy  and  depre- 
ciation of  machinery,  to  say  nothing  of  the  more  economical  purchase 
and  installation  of  apparatus,  under  the  advice  and  supervision  of  en- 
gineers whose  business  it  would  be  to  study  the  problems,  and  their  so- 
lution. 

There  is  at  present  a  movement  on  foot  in  Pomona,  for  such  an  or- 
ganization, to  cover  the  production  of  2000  or  more  inches  of  water, 
from  widely  distributed  wells.  The  effort  being  along  the  line  of  a  large 
central  electric  plant,  distributing  power  to  the  stockholders  and  others, 
for  all  purposes. 

This  company  would  be  in  a  position  to  employ  high  grade  en- 
gineers to  care  for  the  engineering  work  of  its  stockholders,  from  the 
strictly  power  plant  work,  to  the  hydraulic  engineering  of  the  water  de- 
velopment. 
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Such  a  company  would  have  sufficient  control  o<f  its  stockholders' 
interests,  that  the  very  best  results  could  be  attained,  at  minimum  ex- 
pense by  the  exchange  of  app^atus,  unsuitable  in  one  case,  to  a  place 
where  the  conditions  were  found  to  be  right. 

Such  a  centralization  of  power  has  been  made  on  a  moderate  scale 
by  the  Temescal  Water  Co.,  with  results  that  confirm  the  belief  that  there 
Is  a  considerable  saving  in  the  cost  of  motive  power,  over  the  present 
detax^hed  system,  of  individual  effort. 

We  believe  the  water  using  public  of  our  community  can  save  much  of 
the  cost  of  pumping,  the  only  question  being  the  raising  of  the  neces- 
sary capital,  which  should  be  as  far  as  possible,  from  am)ong  the  interested 
parties,  so  as  to  eliminate  the  speculative  elemicnt. 

The  present  low  price  of  distillate  oils,  has  a  tendency  to  offset 
the  advantages  to  be  expected,  and  therefore  makes  it  the  harder  to 
interest  the  i>eople  in  their  own  welfare. 

As  a  matter  of  fact  an  organization  on  these  lines  would  be  of  im- 
mense advantage  to  the  participators,  even  if  the  power  plant  element 
were  impracticable,  the  results  to  be  attained  from  the  engineering  end 
of  it  being  worth  much  effort,  besides  the  strong  element  of  control  that 
would  be  felt  in  contracting  for  supplies  or  power. 

On  the  face  of  it  a  proposition  to  compete  with  the  gas  engine  hav- 
ing a  high  thermal  effciency,  by  the  use  of  the  steam  engine  with  elec- 
tric transmission  of  power,  and  the  attendant  lessees,  would  seem  to  be 
foolish,  but  when  the  items  of  comparative  depreciation,  and  interest 
on  investment,  together  with  wages  which  form  so  large  an  item  in  the 
operating  expenses  of  the  small  plant,  are  considered,  the  balance  will 
be  found  on  the  side  of  the  electric  proposition,  even  at  the,  present 
law  price  of  fuel. 

There  may  be  Instances  where  the  necessary  power  in  electrical 
form  may  be  purchased  from  the  companies  who  have  promoted  the  use 
of  the  mountain  water  powers,  at  a  less  Tate  than  it  can  be  produced  by 
steam.  But  here  again  will  come  in  the  benefits  of  organization,  in  the 
making  of  large  contracts,  at  minimum  rates. 

One  thing  is  certain.  When  a  large  amount  of  the  power  sold  is 
generated  by  steanu  there  is  good  business  in  the  location  of  the  gen- 
erating plant  reasonably  near  the  field  of  use,  thereby  avoiding  the  heavy 
losses  in  long  distance  transmission. 

To  sum  up  the  power  and  pumping  proposition,  there  is  much  to  be 
saved  by  co-operation  and  the  elimination  of  the  small  unit,  not  to  men- 
tion the  advantages  of  a  wider  use  of  electric  lighting  in  the  outlying 
districts,  with  the  profits  coming  back  to  the  user.  But  even  if  we  stick 
to  the  small  unit  and  the  gas  engine,  there  is  still  much  to  be  gained 
by   mutualization   of   our   Interests   for   better,    and    more   uniform   en*- 

glneering.  • 

In  the  matter  of  apparatus,  there  would  seem  to  be  no  doubt  that 
much  good  would  be  wrought,  if  the  manufacturers  could  have  the  coun- 
sel of  reputable  engineers,  in  touch  with  the  needs  of  the  water  produc- 
ers, and  the  short  comings  of  the  various  pumps  and  engines,  to  the  end 
considerable  would  be  added  to  the  general  average  efficiency. 

Mr.  Geo.  J.  Mitchell,  of  Pomona,  made  an  address,  taking  for  his  topic: 


FORESTRY  IN  RELATION  TO  WATER. 

For  twenty  years  the  mountains  which  form  the  water-sheds  to  the 
north  of  us  have  been  my  companions  and  friends.  Years  ago  I  began 
a  crusade  in  favor  of  better  forest  conditions,  but  was  silenced  by  the 
argument  that  I  was  doing  more  harm  than  good;  was  lowering  the 
value  of  realty;  ihat  nature  was  sure  to  come  to  our  rescue  and  even 
things  up;  a  few  wet  winters  would-  fill  the  subterranean  reservoirs  and 
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all  would  be  well.  It  was  said  that  I  placed  entirely  too  niuc^  streas 
upon  the  value  of  forests  on  the  mountains  as  affecting  rainfall.  The 
wet  winters  did  not  come,  reservoirs  did  not  All  up;  we  have  insulted 
nature,  and  broken  her  laws,  and  she  is  going  to  let  us  help  ourselves 
awhile.  I  made  no  mistake  as  to  value  of  forests  and  their  influence 
for  good.  No  words  too  strong  in  which  to  state  their  value  to  the 
community. 

In  order  to  make  my  remarks  of  any  value  we  must  concede  that 
forest  masses  have  a  strong  and  well  defined  influence  upon  rainfall. 
There  is  an  undercurrent  of  dissent  to  this  statement,  but  you  will  find 
it  is  originated  and  circulated  by  the  lumbermen;  the  men  who  are 
destroying  our  forests  with  superhuman  energy.  Scientists  will  oc- 
casionally be  found  arguing  that  leaves  of  tr€>es  expire  moisture^  hence 
trees  are  of  little  value  as  rain  inducers.  Be  not  for  a  moment  mdsled  by 
false  prophets.  In  spite  of  expiring  moisture  forest  miasses  especially 
on  elevations,  do  induce  railfall.  and  conversely  the  destruction  of  for- 
ests is  followed  by  drought  and  finally  desert  conditions. 

Let  us  study  conditions  not  theories.    The  land  of  Canaan — includ- 
ing The  Holy  Land — is  situated  in  the  same  latitude  as  Southern  Cali- 
fornia, and  in   many  respects  Is  marvelously  like  Southern  Calll^ornia. 
Canaan  is  the  promised  land  of  the  Bible.    A  moist  land,  a  land  of  rivers, 
and  springs,  a  land  flowing  with  milk  and  honey.    The  tribes  of  Israel 
on  taking  possession  of  this  land,  flourished  mightily.    The  best  portion 
of  Canaan,  like  California  on  the  Pacific,  lay  along  the  Mediterranean 
in  a  strip  averaging  100  miles  In  breadth;  to  the  north  bounded  by  the 
mountains  of  Lebanon.    These  mountains  were  covered  to  their  summits 
with  magnificent  forests.    The  land  was  hilly  and  generally  forested,  and 
streams  and  springs  were  numerous.     The  scriptures  cover  the  ground 
by  calling  it  a  "good"  land.     Magnifi^cent  cities  sprung  up,  Tyre,  Sidon 
and  a  host  of  others.    This  wea  the  land  of  the  Phoenicians  with  their 
world    trade,    and    great    colonizing    activity.    There    were    more    large 
cities  the  size  of  Los  Angeles  and  up  in  this  favored  land,  and  more  in- 
liabitants  per  square  mile  than  any  other  land  on  earth.    Not  so  large 
as  our  state,  Canaan  had  in  the  reign  of  Solomon  over  10,000,000  in- 
habitants.   The  land,  like  our  own  California,  was  subject  to  dry  years, 
but  they  were  separated  by  long  intervals  and  but  little  harm  ensued. 
The   Sidonians   were  great  lumbermen  and   opened   up  a  large  export 
trade  in  lumber,  just  exactly  as  we  have  done.    As  their  great  forests 
of  cedar  were  removed  those  dry  years  'ncreased  in  frequency  and  the 
droughts  were  more  prolonged.     Their  lumbering  entirely  with  the  axe 
was  slow  and  it  took  many  centuries  before  the  danger  point  was  reached. 
Even  down  to  the  first  century  of  our  era  it  was  considered  a  fertile  land. 
Agri-culture  was  declining  and  the  desert  was  rapidly  encroaching  on  the 
cultivated  lands.    The  forests  had  been  nearly  all  removed  and  the  rain- 
fall became  light  and  Irregular.    Agriculture  now  rapidly  declined.    The 
coast-wise  cities  lost  their  trade,  the  Interior  cities  were  In  many  cases 
deserted.     The  dry  years  now  predominated.    The  beds  of  streams  that 
had  flowed  for  centuries  became  dry  ways.    Springs  and  wells  dried  up 
and  the  country,  following  Its  agriculture,  was  ruined.    I  have  ridden  over 
this  land  from  end  to  end  and  a  more  disheartening  journey  I  never  took, 
It  Is  a  desert  land  filled,  literally  filled,  with  the  ruins  of  stately  cities 
and  magnlficlent  temples.    Jerusalem  and  Damascus  are  now  the  princi- 
pal cities.    The  former  Is  said  to  shelter  40,000  souls  and  the  latter  20,- 

000  or  30,000.  There  Is  not  the  slightest  sign  of  prosperity  about  either 
and  they  are  simply  wretched,  dirty  holes,  where  no  decent  person  would 
care  to  live.  There  Is  not  In  all  that  land  another  town  worthy  the  name 
of  city  as  we  understand  It.  Most  of  the  Inhabitants  live  In  wretched 
mud  villages  and  their  total  number  Is  not  probably  5  per  cent,  of  their 
once  great  population.    In  all  the  land  no  forest  tree  Is  to  be  found.  When 

1  was  there  no  rain  had  fallen  for  32  months.  Is  there  no  lesson  for  us  In 
the  fate  which  has  come  upon  this  ruined  land?    It  will  be  urged  that  it 
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took  many  centuries  to  bring  that  land  to  its  ultmate  ruin,  and  that 
Americans  have  occupied  this  country  but  some  50  years.  True  I  grant 
you,  but  the  ways  of  the  Sidonians  with  their  slow  methods  of  lumbering 
were  not  our  ways.  One  of  the  first  authorities  says,  "We  have  cut  more 
lumber  and  destroyed  more  forest  growth  in  the  19th  century  than  all 
Eiurope  and  Asia  Minor  did  in  30  centuries."  It  is  a  tremendous  state- 
ment, but  investigation  proves  it  true.  A  close  calculation,  conducted  un- 
der government  auspices,  reveals  the  fact  that  in  55  years  there  will,  at 
present  rate  of  destruction,  be  no  forest  trees  in  the  United  States.  So 
you  see  we  have  bridged  the  centuries  that  it  took  the  ancients  to  reach 
the  danger  point  and  as  the  French  say:  "We  have  arrived."  For  that 
same  danger  point  is  close  aboard,  right  ahead  and  do  not  make  any  mis- 
take about  that.  The  lumbermen,  I  mean  the  men  who  own  and  run  the 
saw  mills  and  logging  outfits  and  who  control  and  direct  the  destruction 
of  our  magnificient  forests,  have  been  and  are  the  worst  enemies  the 
white  race  has  known  since  America  was  settled.  Always  destroying 
never  building  up.  Their  methods  of  treating  all  forests  which  they  at- 
tack have  been  criminally  wasteful  from  start  to  finish.  We  should  med- 
dle with  no  man's  business.  The  forests  they  destroy,  I  am  reminded 
by  the  lumber  butcher,  are  their  property  and  they  can  do  as  they  please 
with  their  own.  Right  here  is  where  I-  want  your  closest  attention,  your 
best  interest,  for  here  is  the  crux  of  the  whole  situation.  The  business 
of  lumbering  is  a  peculiar  one  and,  most  unfortunately,  this  business  does 
aftect  the  welfare  of  every  man,  woman  and  child  in  the  community.  No 
other  business  engaged  in  by  man  bears  any  similar  relation  to  society. 
This  lumberman's  business  is  and  of  necessity  must  be  everybody's  busi- 
ness. The  American  people  have  never  realized  this  fact.  Claiming  to  be 
the  most  progressive  of  all  peoples,  we  are  in  this  matter  of  forestry  very 
far  behind  all  the  highly  civilized  nations  of  the  earth.  About  every  na- 
tion and  state  in  Europe  protects  its  forests.  The  lumberman  cannot 
work  his  own  sweet  will  on  the  forests  to  the  detriment  of  the  whole  com- 
munity. The  unrestricted  ownership  of  forest  trees  is  denied.  Many 
states  own  large  forest  areas  and  the  tendency  is  to  Increase  this  owner- 
ship. In  all  Burope  lumbering  is  carried  on  scientificially  and  under  gov- 
ernment control.  The  lumberman  is  told  by  a  forest  expert  just  what 
trees  he  may  cut,  and  provision  must  be  made  for  new  growth  of  trees  as 
old  ones  are  removed.  About  all  the  government  owner!  forests  are  run 
at  a  good  profit  and  are  continually  improving  in  condition.  We  must 
educate  our  people  in  forestry  up  to  the  Ekiropean  level.  We  must  no 
longer  be.  barbarians.  The  unrestricted  ownership  and  destruction  of  for- 
ests as  practiced  in  this  country  is  simply  barbarism.  The  principle  is 
just  this:  No  man  or  body  of  men  has  a  right  to  destroy  a  forest,  no  pro- 
vision being  made  for  new  growth,  when  such  destruction  works  a  hard- 
ship on  or  menaces  the  welfare  of  the  whole  community.  This  is  a  mat- 
ter for  state  legislation.  It  is  of  such  paramount  importance  that  if  neces- 
sary the  state  constitution  must  be  amended.  .However,  I  think  that  a 
strong  forestry  law  which  will  be  constitutional  can  be  enacted.  Such  a 
law  should  without  any  delay  be  enacted.  Every  acre  of  our  remaining 
forests  should  be  at  once  placed  under  state  protection,  and  timber  cut- 
ting only  allowed  under  rules  of  scientific  forestry.  This  is  simply  a 
measure  of  self  preservation  and  the  state  should  protect  itself.  The 
measure  I  recommend  is  radical,  but  the  situation  more  than  justifies  it. 
It  should  have  been  adopted  40  years  ago,  and  our  glorious  forests  saved 
for  our  children  and  their  descendants.  No  finer,  grander  forests  were  to 
be  found  on  earth  than  those  of  California  when  first  she  became  a 
state.  No  such  reckless,  wasteful  lumbering  was  ever  done  on  earth  as 
was  done  here.  Our  magnificent  redwoods,  the  like  of  which  cannot  be 
found  in  the  world,  are  a  good  deal  more  than  half  gone.  Nearly  the 
whole  remaining  area  of  these  trees  is  owned  by  non-resident  syndicates. 
Twenty  more  years  of  such  lumbering  as  we  have  seen  in  the  past  will 
just  about  deforest  this  state.    The  people  who  now  own  our  forests  are 

—   40   — 


alien  to  the  state  and  care  not  one  whit  whether  California  sinks  or 
swims.  Is  it  not  time  to  call  a  halt?  Are  we  not  Justified  in  calling  good 
and  loud? 

Forest  fires  have  run  a  good  second  to  the  lum'berman  and  have 
done  much  in  the  way  of  destruction.  In  spite  of  all  the  silly  things  said 
about  the  mysterious  origin  of  forest  fires,  rubbing  together  of  dead 
branches,  phosphorescent  stumps,  spontaneous  combustion,  etc.,  you  can 
safely  take  my  word  for  it,  that  there  are  no  self  originated  forest  fires, 
and  that  allowing  for  accidents,  98  per  cent,  of  our  forest  fires  are  prevent- 
able. In  Surope  so  careful  are  they  of  their  forests  that  they  have  prac- 
tically no  forest  fires.  Our  proposed  forestry  law  would  not  be  complete 
without  provisions  to  prevent  forest  fires.  With  a  stringent  law,  honestly 
enforced,  forest  fires  would  practically  cease. 

Of  all  the  places  I  know,  none  is  more  in  uBed  of  active  forestry  work 
than  Southern  California  and  none  has  less  of  it.  Our  people  on  this 
subject  seem  to  be  affected  with  a  deathly  lethargy.  In  the  Northern  part 
of  the  state,  with  much  less  need  than  we,  much  greater  interest  in  for- 
estry is  shown  and  felt.  There  they  can  pursue  horticulture  without  ir- 
rigation, as  they  have  a  greater  rainfall,  while  with  us  horticulture  means 
Irrigation.  For  years  we  have  watched  our  water  supply  diminishing  and, 
though  the  way  was  pointed  to  us,  we  have  scarce  turned  a  hand  over 
to  help  matters.  I  am  speaikng  of  the  horticulturists  of  Southern  Cali- 
fornia. We  have  been  waiting  for  the  government  to  help  us.  We  forget 
that  in  a  republic  like  ours,  the  government  never  takes  the  initiative,  it 
waits  the  move  of  the  people.  The  true  word  is — Help  yourself  and  the 
government  will  help  you. 

Forest  Reserves: — No  benefit  up  to  date.  Forest  fires  are  less  in 
number  because  there  is  nothing  left  to  bum.  Could  not  in  many  places 
light  a  fire  if  you  tried.  Reserve  has  Just  been  placed  under  new  and 
better  management.  Under  Head  Forester  Plnchot,  I  hope  and  believe  the 
Reserve  will  be  cared  for  and  reforested.  We  must,  in  season  and  out  of 
sason,  never  forget  to  urge  and  insist  that  the  government  pursues  a  lib- 
eral policy  toward  the  Reserves. 

We  have  lost  during  the  last  12  years  some  5.5  to  6  inches  of  annual 
rainfall.  I  ascribe  all  this  loss  to  crude  and  wasteful  lumbering  and  for- 
est fires.  The  average  of  our  rainfall  was  about  17  inches,  for  the  last 
12  years  about  12  inches.  The  loss  seems  to  be  In  the  rains  which  we  may 
call  local;  which  affect  this  coast  only.  These  rains  it  seems  are  about 
lost.  In  the  denudation  of  our  mountain  sides  unfortunately  our  loss  is 
many  fold.  The  loss  in  actual  rainfall  is  a  heavy  one,  but  we  lose  also  in 
the  unrestrained  run-off.  The  absence  of  restraining  root  systems  of  the 
trees  on  our  mountains  allows  the  rain,  which  formerly  percolated  slowly 
through  the  soil  until  it  reached  the  under  ground  reservoirs,  to  go  to 
waste.  Hen<;e  these  reservoirs  heavily  depleted  by  pumping  in  the  .sum- 
mer are  not  replenished  in  the  winter  and  show  a  shrinkage  in  area  of 
over  35  per  cent.  These  figures  come  from  Prof.  Mendenhall,  but  are 
exactly  confirmed  by  experience.  The  wells  from  which  my  own  supply 
for  irrigation  comes  were  at  the  surface  12  years  ago,  and  today  are 
down  from  9Q  to  100  feet.  Our  next  loss  is  by  evaporation  caused  by  loss 
of  forest  cover.  This  causes  springs  and  streams  which  used  to  be  near- 
ly constant  in  flow  to  diminish  and  dry  up  entirely  during  the  late  sum- 
mer. 

Another  loss,  which  always  makes  itself  felt  when  the  soil  of  moun- 
tain areas  is  left  bare,  is  that  of  erosion.  Sun,  wind  and  rain  work  to- 
gether to  dry  out  and  wash  out  the  fertile  elements  of  the  soil  until  it  be- 
comes absolutely  barren.  This  is  a  very  present  danger  and  must  be 
looked  to  without  delay.  The  only  remedy  is  to  replant.  I  have  outlined 
the  forestry  situation  by  Just  touching  on  the  salient  points.  No  man 
living  can  do  Justice  to  the  subject  in  30  minutes. 

Now  for  the  remedies  as  I  see  them.  Have  amendment  to  Constitution, 
or  law  as  may  be  thought  best,  denying  unrestricted  ownership  of  forest 
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trees  in  this  state.  Also  Forestry  law  caring  for  and  protecting  forests  in 
this  state,  with  very  stringent  provisions  as  to  fires.  Re-forest  our  moun- 
tain sides,  State  and  counties,  to  help  the  U.  S.  Ck>yernment.  Work  under 
direction  of  Pinchot  with  T.  P.  Liukens  as  first  lieutenant.  I  have  not  gone 
into  subject  of  reforesting  as  Mr.  Lukens,  far  abler  and  better  posted 
than  I,  will  tell  you  about  it  But  my  great  reliance  is  upon  this  same  re- 
foresting. I  believe  thoroughly  carried  out  it  will  be  our  salvation.  Per- 
suade Mr.  Pinchot  to  close  the  r^erve  to  everybody  for  at  least  6  years 
BO  that  young  trees  planted  may  have  a  chance.  E^specially  keep  out  all 
cattle  and  sheep,  all  campers,  picnickers  and  fishermen,  a  resommendation 
to  thifl  end  from  Lob  Angeles  Chamber  of  Commerce  will  have  much 
weight. 

Encourage  in  every  way  the  planting  of  two  or  three  varieties  of 
S3ucal3rptus  on  all  vacant  lands  in  our  foot  hills.  They  will  do  splendidly 
up  to  2000  and  even  2500  feet.  Don't  require  good  soil  and  but  little 
water.  A  little  care  for  two  years  and  they  will  take  care  of  themselves. 
A  tract  of  foot  hill  land  not  worth  more  than  $5  or  |10  per  acre  planted  to 
red  and  blue  gum  will  commence  to  pay  at  6  years  and  thereafter  yield  a 
net  interest  of  20  peir  cent,  on  a  valuation  of  $60  do  |75  per  acre. 

Let  all  who  possibly  can,  take  part  in  this.  Individuals,  syndicates, 
corporations,  land  and  water  companies;  and  it  would  be  a  good  invest^ 
ment  for  Railroads.  Treated  by  proper  rules  of  forestry  these  foot  hill 
plantings  would  be  practically  everlasting,  better  after  30  years  than 
they  were  at  10. 

Agitate  to  have  lumber  and  manufacturers  of  lumber  especially 
wood  pulp  put  on  free  list.  The  greatest  good  for  greatest  number  should 
rule,  and  to  protect  these  forest  butchers  while  they  lumber  us  out  of 
house  and  home  is  nothing  short  of  national  lunacy. 

But  gentleman  we  have  in  horticulture  reached  the  limit  Depending 
on  pumping  as  %  of  the  acreage  now  does  for  irrigating  water,  we  cannot 
go  on  for  another  decade  as  we  have  for  the  decade  just  past  If  nothing* 
is  done  to  better  conditons  as  they  now  exist,  if  our  strange  lethargy  still 
holds  us  in  its  grip,  in  less  than  15  years  horticulture  in  Southern  Cali- 
fornia will  be  praptically  a  thing  of  the  past. 

Ask  the  Southern  California  Section  of  National  Irrigation  Associa- 
tion to  help  us  again  as  they  have  done  before  in  this  forestry  matter. 
Ask  them  to  take  the  lead,  and  to  appoint  a  strong  committee  on  Forestry 
and  Water,  said  committee  to  get  similar  committees  appointed  by  every 
board  of  trade  and  chamber  of  commerce  in  Southern  California  and  then 
working  all  together  and  keeping  everlastingly  at  it,  so  agitable  the  mat- 
ter that  the  remedial  measures  suggested  above  may  become  accomplished 
fftcts,  and  the  body  of  the  people  intelligently  interested  once  for  all  in 
forestry.  The  results  will  be  such  as  to  delight  everybody  and  our  be- 
loved Southland  will  bloom  and  prosper  as  never  before. 


WHY  REFOREST  THE  MOUNTAINS. 

Forests  should  be  maintained  on  mountain  slopes,  because  the  rain 
fall  is  greatest  on  such  slopes.  Not  only  do  trees  induce  precipitation, 
but  in  the  spungy  stratum  of  decaying  vegetable  remnants,  they  retain 
far  more  humidity  than  even  cultivated  soil.  They  with  avidity  reabsorb 
the  surplus  of  moisture  from  the  air,  and  refresh  by  a  never-wanting  dew 
all  vegetation  in  their  vicinity.  Forest  trees  by  the  powerful  penetration 
of  their  roots,  decompose  the  rocks,  and  force  unceasingly  from  deep 
strata  the  elements  of  mineral  nutrition  to  the  surface.  They  create  and 
maintain  the  sources  for  the  gentle  flow  of  water-courses. 

Von  Muler  says,  forests,  as  ready  conductors  of  electricity, 
influence  and  attract  the  current  of  the  vapors,  or  Impede  the  elastic 
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flow  of  the  air,  with  its  storms  and  its  humidity,  far  above  the  actual 
heighth  of  the  trees,  and  condense  the  moisture  of  the  clouds  by  lower- 
ing the  temperature  of  the  atmosphere.  Forests  shelter  the  soil  from  so- 
lar heat,  and  produce  coolness  through  radiation  from  the  endlessly  multi- 
plied surfaces  of  their  leaves. 

The  island  of  St.  Helena  when  discovered  in  1502,  was  well  forested. 
The  introduction  of  goats  and  other  causes  led  to  the  removal  of  the 
fbrests.  Heavy  floods  and  severe  drouth  were  the  result.  Replanting 
of  the  forest  trees  towards  the  close  of  1700  resulted  in  a  more  uniform 
rainfall,  and  its  better  distribution.  Subsequent  destruction  of  the  forests 
have  again  brought  back  the  former  condition. 

When  the  island  of  Ascension  was  discovered  in  1815  it  was  barren, 
and  so  destitute  of  water  that  supplies  were  brought  from  the  main  land. 
The  effects  of  planting  trees  resulted  in  an  annual  increase  of  rainfall 
from  10  to  25  inches  in  a  few  years.  It  now  grows  42  kinds  of  trees  where 
but  one  grew  before. 

In  our  own  San  Bernardino  mountains  a  careful  study  of  the  influ- 
ence of  forests  on  rain-fall  and  run-off,  shows  in  every  instance  one-third 
greater  precipitation  on  forested  acreas  than  on  deforested  areas,  al- 
though contiguous  and  of  the  same  general  topography.  And  while 
from  the  forested  areas  there  was  a  constant  flow  through  the  summer 
months,  the  flow  from  the  deforested  areas  ceased  altogether  early  in  the 
summer,  having  run  off  in  destructive  floods  during  and  immediately  suc- 
ceeding precipitation. 

Hutchings  points  to  the  unmistakable  degeneration  of  man  following 
the  destruction  of  forests.  Men  reared  in  forests  are  stronger  than  in 
non-forested  regictns.  Again  Von  Muler  says,  "The  destruction  of  forests 
has  often  become  to  the  country  where  this  has  happened,  a  real  calam- 
ity and  a  speedy  cause  of  approaching  decline  and  ruin." 

"But  there  is  another  and  more  cheering  era  in  this  history.  This 
is  when  civilization  has  advanced  and  man  sets  about  restoring  the 
desolated  forests." 

In  France  and  Germany  it  has  been  estimated  that  at  least  one-fifth 
of  the  land  should  be  planted  with  forest  trees  in  order  to  maintain  the 
proper  equilibrium  for  successful  farming.  In  California  but  four  and  one- 
half  per  cent,  of  the  area  is  forested.  In  Southern  Caliqrnia  alone,  less 
than  two  per  cent  is  forested. 

Then  the  forest  is  a  thing  of  beauty  and  affords  a  shelter  for  the  wild 
creatures  that  God  has  created.  The  forests  were  created  for  all  people 
for  all  time.  Man  has  recklessly,  through  greed  and  indifference,  robbed 
future  generations  of  their  heritage.  We  are  amenable  to  the  laws  of  God 
as  we  are  to  the  laws  framed  by  man,  many  of  which  we  would  violate, 
if  it  were  not  for  fear  of  punishment  by  penalties  prescribed.  For  this 
reason  we  should  reforest  the  mountains,  for  as  a  race  and  a  people  we 
will  surely  be  held  responsible  by  posterity  and  our  God  for  the  destruc- 
tion of  that  which  was  never  ours;  only  given  us  to  use,  and  deliver  to 
our  successors  unimpaired. 

One  thoughtful  observer  and  forceful  writer,  after  many  years  in 
the  mountains  noted,  after  a  long  season  of  drouth,  the  gathering  of 
church  people  to  pray  for  rain.  She  said  to  them,  "better  you  go  to 
the  mountains  and  plant  more  trees." 

Our  honored  President  of  the  United  States  says,  "the  prosperity  of 
California  in  the  hotter  and  dryer  agricultural  regions  depends  upon  the 
preservation  of  her  water  supply.  And  the  water  supply  cannot  be 
preserved  unless  the  forests  are  preserved." 

There  are  many  reasons  why  we  should  reforest.  It  must  be  evi- 
dent to  all  thoughtful  observers  that  Southern  California  has  reached 
its  limit  of  development,  unless  more  water  can  be  obtained.  That  can 
be  accomplished  only  by  planting  trees  on  our  water  sheds  for  the  con- 
servation of  the  rainfall. 
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The  Chairman — ^Thls  Important  subject  is  now  before  you. 

Mr.  C.  C.  Chapman — I  never  heard  the  question  so  forcefully  put 
before  as  the  Lieutenant  has  given  it  to  us  this  afternoon,  and  I  am  sure 
we  all  feel,  as  we  have  felt  for  a  long  time,  that  this  is  a  great  question 
for  us  to  agitate.  It  takes  a  good  deal  of  agitation  to  Inspire  and  en- 
thuse the  American  people  on  any  subject;  but  when  once  we  are  afire 
with  it,  then  our  Congressmen  must  look  out.  And  we  ought  to  make 
that  an  issue.  The  only  difficulty  is  that  in  Southern  California,  while 
we  have  hundreds  and  hundreds  of  thousands  of  acres  of  good  land,  we 
only  have  two  Congressmen,  and  they  are  a  very  small  matter  with 
such  a  body  as  Congress.  But  we  have  a  Senator  and  two  Congressmen, 
and  I  am  sure  they  will  do  our  bidding,  and  they  are  able  men,  and  if 
we  can  just  let  them  know  that  this  is  what  we  want,  the  farmers  and 
business  men  as  well,  then  they  will  be  able  to  find  perhaps  some  other 
elements  in  the  northern  section  of  the  middle  west  who  are  as  deeply 
interested  in  this  question  as  we  are. 

A  Delegate — ^I  am  a  member  of  this  Association,  but  not  in  this 
state.  I  live  in  Kansas,  and  I  have  been  taking  a  great  deal  of  interest 
in  forestry  and  the  planting  and  cultivating  of  timber  for  fifty  years  or 
more.  Many  of  our  farmers  take  hold  and  put  ten,  twenty  or  forty  acres 
or  sixty  or  a  hundred.  I  put  out  a  hundred  in  ornamental  trees  and 
forest  trees,  and  have  cut  200,000  feet  of  lumber  out  of  my  own  planting, 
and  found  it  a  profitable  matter.  And  I  still  keep  up  the  grove  by 
planting  to  fill  up  for  what  is  taken  out.  Everyone  ought  to  follow 
the  rule  to  plant  two  trees  where  he  cuts  one.  If  that  rule  were  enforced 
our  country  would  have  a  wider  basis  for  its  prosperity. 

The  Chairman — ^Mr.  W.  Scott  Way,  of  Pasadena^  has  some  reso- 
lutions. 

Resolutions  introduced  as  follows: 

Whereas,  It  is  proven  beyond  dispute  that  a  large  proportion  of 
mountain  fires  are  started  upon  forest  reserves  by  the  carelessness  of 
hunters;  and, 

Whereas,  The  admission  on  permit  of  Irresponsible  and  indifferent 
persons  for  the  purpose  of  hunting  game  upon  the  reserves  must  be 
a  continual  menace  to  the  preservation  of  the  mountain  water  sheds; 
therefore,  be  it. 

Resolved,  That  the  Water  Congress  of  Southern  California,  assem- 
bled at  Los  Angeles,  March  13,  1905,  most  heartily  approves  of  the 
proposition  as  recommended  by  Forest  Supervisor  Thomas,  <to  make  the 
San  Gabriel  Reservation  a  game  preserve,  from  which  all  hunters  may 
be  excluded. 

Resolved,  That  we  believe  that  without  such  exclusion  from  the 
forest  reserves,  all  effort  to  prevent  mountain  fires  therein  will  be  in 
great  measure  arduous,  expensive  and  ineftective. 

Resolved,  That  a  copy  of  these  resolutions  be  sent  to  Supervisor 
Thomas  for  transmission  to  the  Forest  Service  Division  at  Washington. 

Upon  motion  the  resolutions  were  unanimously  adopted. 

Mr.  Robinson— Those  resolutions  are  first-rate  as  far  as  they  go 
But  they  do  not,  I  believe,  cover  the  ground  fully.  As  has  befen  pointed 
out  to  you  In  the  paper  by  Captain  Mitchell  this  afternoon,  there  is 
great  damage  constantly  being  done  to  our  forest  reserves  by  the  passage 
of  sheep  and  cattle  over  them.  I  do  not  wish  to  inveigh  against  the 
sheep  or  cattle  men,  but  I  must  say  ,  from  personal  observation 
throughout  California,  Utah,  Colorado,  Wyoming,  New  Mexico  and 
Arizona,  that  in  the  passage  of  a  band  of  sheep  over  a  reserve  they 
cut,  nibble,  nibble  to  the  root,  and  what  they  do  not  nibble  to  the  root 
they  dig  out  with  their  hoofs,  break  the  roots  and  absolutely  destroy 
the  vegetation.  The  sheep  are  much  worse  than  the  steers.  I  believe 
that  the  passage  of  bands  of  sheep  and  cattle  across  the  reserves  ought 
to  be  prohibited  absolutely.      There  are  many  thousands  of  sheep  and 
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cattle  which  are  now  being  pastured  on  the  reserves.  I  would  move, 
therefore,  that  this  Water  Congress  ask  the  Department  of  Agriculture 
to  absolutely  prohibit  the  pasturing  or  the  passage  of  sheep  and  cattle 
over  our  forest  reserves,  and   I  here  offer  the  following  resolutions: 

Moved — ^That  it  is  the  sense  of  this  Water  Congress,  assembled  in 
IjOS  Angeles  on  March  13,  1905,  that  the  passage  over  and  the  pasturage 
in  the  forest  reserves,  of  cattle  and  sheep,  is  highly  detrimental  to  the 
forest  growths  of  these  reserves,  and  the  United  States  Department  of 
Agriculture  is  hereby  requested  in  the  interest  of  forest  preservation  to 
absolutely  prohibit  such  passage  over  and  pasturage  in  the  forest  reserves 
of  all  sheep  and  cattle. 

Resolution  seconded. 

Mr.  Mitchell — ^I  have  had  frequent  occasion  to  call  the  attention  oi 
audiences  that  I  was  addressing  to  the  subject  of  grazing  rights.  ESven 
the  President,  clearminded  and  right-thinking  as  he  is,  by  reason  of 
his  residence  in  the  West  and  his  experience  among  the  cowboys,  got 
a  little  bit  shakey  on  the  subject  of  grazing  rights.  The  grazing  right 
does  not  exist.  No  man  on  public  land  has  a  right  to  put  any  animal 
there  that  does  any  harm  to  any  other  man.  Our  cattle  barons  were 
pasture  thieves.  It  was  taken  so  much  as  a  matter  of  course  that  they 
gradually  got  the  people  into  the  idea  that  because  a  man  owned  a  cer- 
tain number  of  head  of  cattle  he  had  a  right  to  graze  them  on  the  public 
domain.  We  must  get  that  out  of  our  heads.  Have  no  respect  at  all 
for  the  cattle  man.  If  he  wants  to  graze  his  cattle,  let  him  show  up, 
as  we  do,  his  land  to  graze  them  on.  If  the  sheep  man  wants  to  pasture 
his  sheep,  and  not  be  a  thief,  let  him  get  pasture  for  his  sheep  or  get 
rid  of  them.  It  will  not  hurt  this  country.  Don't  be  alarmed  in  the 
least.  The  cattle  industry  will  prosper  Just  the  same  and  even  do 
better.  Let  us  deny  once  and  for  all,  and  educate  all  who  come  under 
our  influence,  up  to  the  idea  that  there  is  no  such  thing  as  grazing  rights 
in  this  country.  We  need  not  have  the  least  fear  of  doing  wrong 
to  any  man  when  we  ask  that  all  cattle  and  all  sheep  shall  be  excluded 
from  the  reserve.      (Applause.) 

The  resolution  was  adopted  without  dissent. 

Mr.  Trask — An  engineer  deals  in  facts,  and  he  frequently  rubs  up 
against  conditions  which  certainly  appeal  to  him.  I  am  glad  to  see 
the  interest  taken  here  today  in  this  forestry  question,  and  I  heartily 
endorse  every  word  that  has  been  said  about  the  preservation  of  our 
forests,  and  I  hope  that  the  matter  will  be  followed  up  with  energy 
and  that  something  will  be  accomplished.  As  has  been  said,  it  takes 
effort,  and  united  effort,  to  accomplish  anything  along  this  line.  I  had 
a  chance  in  1900  to  make  water  measurements,  make  comparative  water 
measurements,  from  two  of  the  watersheds  of  Southern  California. 
Sometime  in  1899  a  forest  fire  burned  off  probably  fifty  per  cent,  of  the 
Cucamonga  watershed,  and  in  the  spring  of  1900,  or  late  in  the  season — 
I  think  it  was  in  May,  if  my  recollection  is  correct — ^we  had  some  quite 
heavy  rains,  and  I  measured  the  flood  runoff  of  the  Cucamonga  canyon 
and  of  the  San  Antonio  canyon,  which  are  canyons  lying -side  by  side, 
although  one  is  considerably  larger  than  the  other,  and  I  found  that  the 
maximum  flood  runoff  of  the  Cucamonga  canyon,  over  which  the  fire 
had  raged  the  previous  season,  was  fifteen  times  as  great  per  square 
mile  as  in  the  San  Antonio  watershed,  which  had  not  been  damaged 
by  the  fire.  Now,  that  is  a  cold  fact.  There  might  have  been  some 
little  difference  in  precipitation  in  the  two  canyons,  but  they  were  ad- 
jacent and  the  storm  was  quite  a  general  one,  and  the  only  conclusion 
to  draw  was  that  the  fire  had  created  a  condition  which  gathered  the 
water,  or  caused  the  mountains  to  gather  the  water  into  a  torrent  and 
pass  it  out  of  the  canyon  at  once,  whereas,  in  the  San  Antonio  canyon, 
where  the  fire  had  done  no  destructive  work,  the  water  was  in  great 
measure  retained  and  went  into  the  ground  and  was  used  later  in  the 
season  when  it  was  worth  something  to  the  orchardlsts. 
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Mr.  Lorbeer— We  don't  want  to  atop  right  here.  Let  us  strike  while 
the  iron  is  hot.  The  forest  reserves  have  been  transferred  from  the 
Department  of  the  Interior  to  the  Agricultural  Department.  Now  is 
our  time  to  strike  as  hard  as  we  can.  This  matter  of  keeping  out 
hunters  and  keeping  out  sheep  and  cattle,  is  well  enough;  but  something 
must  be  done  to  more  efficiently  protect  the  forests  from  the  fires  and 
we  ought  to  embody  it  in  these  resolutions.  Furthermore,  we  ought 
to  make  as  strong  a  demand  as  possible  upon  the  Department  of 
Agriculture  to  make  some  special  effort  to  at  least  try. the  experiment 
of  reforesting  the  mountains.  No  one  can  examine  the  California  rain- 
fall charts  without  feeling  that  the  mountains  and  the  forests  upon  them 
aftect  these  local  rainfalls,  at  least,  that  have  been  referred  to  this 
afternoon.  And  if  we  ever  do  anything  to  reforest  the  mountains  or 
regain  the  rainfall  we  have  had,  now  is  the  time  to  commence.  Let  us 
begin  as  hard  as  we  can  to  push  the  project  along. 

MR.  T.  P.   LUKEN8 

Mr.  Lukens,  being  called  for,  addressed  the  Ck)ngress  as  follows: 
Mr.  T.  P.  Lukens,bein^  officially  connected  with  the  Bureau  of  Fore^ 
try,  and  for  many  years  entirely  alone  in  the  proposition  of  reforesting  our 
mountains,  you  may  be  assured  that  my  heart  is  full  when  I  see  so  many 
men  falling  into  line  who  have  begun  to  realize  the  importance  and 
necessity  of  reforesting  our  mountains  and  protecting  them  against 
fires.  It  is  very  gratifying,  indeed.  Our  chief,  Mr.  Pinchot,  in  whom 
we  have  the  fullest  confidence,  knows  well  the  necessity  and  needs  of 
this  locality  as  well  as  every  other  locality  where  there  are  forests 
of  which  he  has  Jurisdiction.  Mr.  Pinchot  has  given  me  the  most 
hearty  support  that  it  was  possible  for  him  to  give  with  the  divided 
efforts  that  were  being  bestowed  upon  it — for  until  very  recently,  until 
February  1st,  the  work  which  should  have  been  and  which  is  now  all 
under  his  charge,  was  divided  between  his  department  and  the  Interior 
Department.  Now,  it  is  different.  Mr.  Pinchot  has  accepted  the  entire 
field,  as  it  was  turned  over  to  him,  and  will  as  rapidly  as  possible 
revise  it;  and  you  may  rest  assured  it  will  be  done  well.  Mr.  Pinchot 
is  a  man  who  will  be  exceedingly  glad  to  hear  from  the  Los  Angeles 
Chamber  of  Comerce,  all  bodies  and  all  responsible  people  who  are 
interested  in  this  work.  He  will  be  keenly  interested  to  receive  any  of 
your  recommendations,  and  will  give  them  a  most  hearty  consideration. 
I  will  say  before  I  sit  down  that  while  this  project  of  mine  of  reforesting 
the  mountains,  for  which  I  have  been  laboring  and  selling  off  my  corner 
lots  one  after  another  and  putting  the  proceeds  into  it  until  they  are 
pretty  nearly  gone,  for  so  long  a  time  received  so  little  support,  and  even 
now  has  very  little  support  financially  from  the  people,  the  government 
now  is  realizing  the  value  of  the  work  and  is  going  to  reforest  our 
mountains.  At  my  left  sits  a  gentleman  who  has  just  arrived  here  from 
Washington  with  two  assistants,  who  are  sent  oyt  hurriedly  to  establish 
a  treeplanting  station  in  the  Santa  Barbara  reserve,  which  is  one  of  the 
most  gratifying  incidents  that  has  taken  place  since  I  began  this  work. 
They  have  that  much  confidence  in  the  success  of  this  work  that  they 
are  going  to  establish  other  stations  immediately,  and  as  fast  as  Mr. 
Pinchot  can  get  mbney  he  will  put  it  intb  this  work.  But  the  localities 
must  assist  in  this  work.  It  would  be  impossible  for  the  United  States 
government  to  put  sufficient  money  into  the  project  to  do  the  work  as 
rapidly  as  it  should  be  done.  I  have  300,000  little  trees  growing.  50,- 
000  we  would  like  to  plant  out  this  winter,  but  we  can't  do  it,  for  although 
Los  Angeles  people  have  raised  us  $1500  it  is  not  enough.  It  takes 
money  to  scramble  over  the  rocks  and  tear  our  clothes  to  pieces.  But 
every  tree  that  it  costs  us  5  cents  to  put  out,  I  confidently  believe  will 
be  worth  $500  in  the  time  to  come.      (Applause.) 
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EVENING   SESSION. 

Prof.  Cook  In  chair. 

Order  called  at  8  o'clock. 

The  Chairman — ^We  have  all  known  for  years  of  the  great  work  being 
accomplished  by  Hon.  T.  P.  Lukens,  of  Pasadena,  who  has  persisted  in 
his  work  of  reforesting  our  water  sheds  in  the  face  of  little  encourage- 
ment on  the  part  of  the  general  public. 

It  is  with  great  pleasure  that  I  introduce  Mr.  Lukens  who  will 
address  you  on,  "Why  Reforest  the  Mountains?" 

The  Chairman — May  I  ask  you  what  percentage  of  trees  you  plant  to 
the  acre?      How  many  of  them  die  after  you  plant  them? 

Mr.  Lukens — ^Well,  in  dry  years  we  have  planted  very  few  trees.  It 
was  necessary  to  grow  t^e  trees  to  at  least  two  years  old,  transplanting 
once  or  twice  in  the  meantime;  and  from  them  we  expect  to  get  a  good 
percentage  of  them  to  grow. 

Mr.  Allen — In  replanting,  is  the  aim  to  plant  the  trees  that  naturally 
grow  there  before,  or  are  you  experimenting  with  new  trees? 

Mr.  Lukens — ^We  are  keeping  just  as  close  to  nature  as  possible. 
We  are  not  planting  largely  of  anythin^^  unless  we  find  it  has  grown  in 
that  locality  or  localities  similarly  situated,  or  in  the  same  conditions 
of  soil  and  climate.  We  aim  to  keep  them  within  their  zones  entirely, 
and  in  the  soils  in  which  they  are  found  growing.  We  have  only  two 
per  cent,  of  exotics  or  trees  from  other  parts  of  the  United  States. 

A  Delegate — ^How  do  you  prepare  the  forest  land?  Do  you  plow 
It  and  cultivate  it,  or  how? 

Mr.  Lukens — It  would  be  a  strange  looking  animal  that  would  pull 
a  plow  where  our  work  is  being  done.  In  many  places  there  is  sixty 
or  seventy  or  eighty  per  cent,  of  slope.  We  dig  with  a  bar,  or  a  mattock. 
Where  we  cannot  use  a  bar  we  use  a  mattock.  We  fix  it  up  the  best 
we  can  and  plant  the  tree  in  there. 

A  Delegate — ^This  timber  that  grows  along  the  coast  here,  how  does 
that  do? 

Mr.  Lukens — Such  trees  we  only  put  in  such  places  in  the  moun- 
tains along  the  streams.  On  the  slopes  of  the  mountains  we  only  use 
the  trees  that  we  found  were  growing  in  similar  localities. 

Another  Delegate— What  per  cent,  of  the  trees  planted  survive? 

Mr.  Lukens — We  have  not  been  planting  many  trees  in  the  past.  The 
trees  that  we  have  planted  are  two  years  old,  and  they  have  been  once 
or  twice  transplanted.  A  good  per  cent,  of  them  grow,  and  we  hope 
to  carry  out  the  work.  Of  course.  If  there  comes  a  very  severe  drouth 
after  the  planting,  we  will  not  get  as  large  a  per  cent,  of  them  to  survive. 
I  will  say,  however,  that  we  do  not  anticipate  any  trouble. 

A  Delegate — ^What  did  you  first  plant? 

Mr.  Lukens — ^We  first  planted  seeds,  and  we  had  favorable  conditions. 
We  have  a  few  trees  now  that  are  ten  feet  high. 

The  Chairman — ^I  understand  that  Mr.  George  W.  Peavy,  of  the 
Bureau  of  Forestry,  Washington,  D.  C,  who  is  on  his  way  to  Santa  Bar- 
bara, is  with  us,  and  we  shall  be  glad  to  hear  from  him. 

Mr.  Peavy — Mr.  Chairman,  it  is  a  pleasure,  I  am  sure,  to  be  intro- 
duced to  this  body  of  business  men.  I  am  not  here,  as  Mr.  Lukens  has 
said,  to  talk  very  much,  but  to  go  up  to  Santa  Barbara  and  put  some  seed 
in  tbo  ground  and  see  that  it  grows. 

As  to  the  necessity  of  reforesting  these  mountains,  I  think  that 
question  has  been  pretty  well  covered.  We  have  plenty  of  mountains  in 
Southern  California  here  which  need  reforesting,  and  those  mountains 
will  never  be  made  to  retain  this  copious  rainfall  which  you  are  having 
now  unless  you  get  trees  up  there  which  will  retain  that  moisture  and 
make  a  sponge,  as  it  were,  upon  the  ground  to  hold  that  moisture  upon 
the  ground. 
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Now,  I  may  say  of  the  proposition  which  is  before  me,  that  I  api 
sent  out  here  by  the  Bureau  of  Forestry,  to  reforest  some  of  this  country. 
I  am  going  to  Santa  Barbara  and  will  do  what  I  can  to  conserve  the  water 
which  is  to  supply  that  city.  I  might  speak  of  the  necessity  of  that, 
but  all  that  has  been  covered  in  your  sessions  today.  There  is  nothing 
that  needs  to  be  said. 

As  to  the  future  policy  of  the  Bureau  of  Forestry  in  the  work  in  this 
locality,  of  course,  I  am  not  authorized  to  speak.  However,  it  seems  to 
me,  as  Mr.  Pinchot,  the  Head  Forester,  has  said,  that  with  seventy  mil- 
lions of  acres  of  forests  or  forest  lands  under  the  control  of  the  Bureau, 
that  the  great  proposition  in  the  future  is  reforesting  these  mountains; 
and  these  forest  lands  are  to  be  reforested,  not  for  the  sake  of  reforesting 
alone,  for  water  conservation  alone,  but  are  to  be  reforested  for  us,  for 
the  use  of  the  American  people.  These  seventy  millions  of  acres,  and 
more  which  will  be  added  from  time  to  time,  are  to  be  a  vast  heritage  to  be 
handed  down  from  generation  to  generation.  That  is  the  business  which 
is  before  the  Bureau  of  Forestry  or  forest  service. 

This  is  absolutely  and  entirely  unexpected.  I  did  not  know  that  I 
would  be  called  on  to  face  this  audience.    I  thank  you  for  the  honor. 

Mr.  Post  then  read  two  papers,  "Value  of  Sewage  for  Irrigation," 
and  "Impounding  of  Flood  Waters,"  prepared  by  J.  D.  Schuyler  and 
Samuel  Storrow,  of  Los  Angeles. 

Mr.  Post:  Mr.  Schuyler  and  Mr.  Storrow  both  regret  that  they  are 
unable  to  be  present  at  the  Congress.  In  addition  to  the  subject  given 
on  'the  program.  I  have  been  asked  to  present  the  paper  on  the  "Value 
of  Sewage  for  Irrigation,"  originally  prepared  to  be  presented  here,  as 
the  manuscript  on  the  "Impounding  of  Flood  Waters"  has  failed  to  reach 
us  on  account  of  the  storm. 

VALUE  OF  SEWAGE  FOR  IRRIGATION. 

In  the  need  for  additional  water  supply,  the  questions  divide  naturally 
enough  on  what  can  we  do  at  once,  without  legal  complications,  cheaply, 
apd  those  which  require  extensive  investigation  and  united  effort.  In 
the  first  class  the  utilization  of  sewage  stands  out  clearly. 

It  belongs  to  the  category  of  smaller  beneficial  actions  which  are  now 
feasible  and  which  need  not  be  delayed  by  the  peculiar  water  litigation 
habit  of  Southern  California. 

What  is  known  as  the  septic  process  of  purification  of  sewage  con- 
sists of  treatment  by  known  bacteriological  methods. 

The  usual  putrefactive  processes  of  Nature  combine  the  organic  sub- 
stances present  with  a  certain  amount  of  oxygen.  The  nitrogenous 
matters  are  reconstructed  with  the  giving  off  of  ammonia  or  possibly  of 
free  nitrogen,  oxides  of  nitrogen  are  formed,  nitrous  and  nitric  acids, 
carbonic  acid,  sulphuretted  hydrogen,  marsh  gas,  etc.  This  putrefactive 
4)rocess  Is  materially  assisted.  If  not  wholly  brought  about,  by  the  life 
action  of  certain  small  organisms  called  bacteria  or  microbes.  These 
small  organisms,  by  the  process  of  their  economy,  utterly  destroy  all  the 
organic  compounds  with  which  they  come  In  contact,  even  to  the  extent 
of  making  a  full  meal  of  those  of  their  late  friends  who  may  succumb  to 
the  infinitesimal  struggle  for  the  survival  of  the  fittest.  A  full  recog- 
nition of  the  essential  part  in  all  putrefaction  played  by  these  bacteria 
Is  essential. 

The  purification  of  sewage  Is  the  oxidation  of  the  organic  contents, 
chemically  shown  by  the  nitrogen  appearing  wholly  as  nitrates,  biolog- 
ically shown  by  the  growth  and  change  of  the  bacterial  life  through  a 
cycle  ending  in  the  complete  extinction  of  such  life.  Since  the  bacterial 
life  is  the  cause  of  the  chemical  change  and  Is  itself  dependent  upon 
certain  chemical  and  physical  conditions,  we  have  in  our  hands  a  simple 
control  of  the  whole  putrlfactive  process. 
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The  sewage  enters  first  an  air  tight  and  dark  chamber  or  tank,  for 
the  action  of  anaerobic  bacteria,  for  some  hours.  The  result  of  this  is  a 
complete  digestion  of  all  semi-solid  constituents,  and  the  resulting  effluent 
of  the  tank  is  a  nearly  colorless  liquid. 

The  next  step  in  the  process  is  to  provide  light  and  air  for  this  ef- 
fluent, for  the  action  of  aerobic  bacteria,  and  this  is  best  accomplished  by 
simple  furrow  irrigation. 

Here  is  where  the  municipality  should  meet  the  irrigator,  and  should 
see  to  it  that  the  valuable  asset  held  by  it  shall  be  made  to  serve  a 
mutual  economic  advantage. 

In  the  arid  or  semi-arid  sections  of  the  country  the  water  contained 
in  the  sewage,  aside  from  any  manurlal  value  of  the  organic  contents,  has 
a  very  great  value  for  irrigation  purposes,  a  value  that  may  often  be 
saved  by  some  simple  treatment. 

The  sewage  flow  of  Los  Angeles  equals  about  SOO  to  1000  miners' 
inches.  It  has  been  decreed  here  that  sewage  shall  not  be  used  for  the 
irrigation  of  certain  crops,  because  it  is  feared  that  onions,  strawberries, 
tomatoes,  radishes  and  celery  may  transfer  raw  sewage  from  the  fields 
to  our  mouths.  There  is  some  such  danger  if  the  irrigation  is  improperly 
or  carelessly  done  and  the  sewage  has  not  first  been  properly  and  suffi- 
ciently purified.  If  the  crude  sewage  were  first  subjected  to  the  hydro- 
lytic  action  of  the  anaerobic  bacteria  in  a  septic  tank  and  then  to  the 
nitrifying  action  of  the  aerobic  forms  in  properly  constructed  bacteria 
beds,  the  effluent  could  be  most  safely  used  for  the  irrigation  of  any  and 
all  crops  of  vegetables,  and  the  manurial  values  being  still  retained  in 
the  purified  effluent,  the  value  of  the  sewage  for  Irrigation 
would  be  materially  greater  than  the  value  of  clear  water.  It  would  be 
very  interesting  to  compare  the  slight  cost  of  so  altering  the  present 
sewerage  system  of  Los  Angeles  so  as  to  incorporate  a  septic  tank,  a 
part  of  which  can  be  the  sewers  themselves,  and  a  deep  coke  bacteria 
bed,  with  the  original  cost  of  the  present  outfall  sewer  and  the  large 
outlay  which  is  now  being  put  upon  it  immediately  to  rescue  it  from 
destruction;  and  also  to  contrast  the  annual  cost  of  maintaining  a  system 
that  sold  800  to  1000  miners'  inches  of  purified  sewage  with  the  present 
system  of  paying  a  big  price  to  throw  away  the  greater  portion  of  the 
most  valuable  property  the  city  possesses — the  irrigation  water  supply 
which  flows  in  her  sewers. 

Properly  purified  by  these  inexpensive  methods  described,  the  sewage 
of  Los  Angeles  should  yield  a  handsome  revenue — greater  than'  the 
revenue  derived  from  the  sale  of  river  water  in  the  days  when  it  was 
mostly  used  for  irrigation  directly  from  the  stream. 

It  is  proposed  that  thepurified  effluent  be  limited  to  use  on  such  crops 
as  walnuts,  to  which  no  objection,  be  it  practical  or  sentimental,  can 
obtain.  Sanitary  engineers  find  that  the  sewage  waters  thus  treated  are 
purer  than  many  surface  wells. 

Much  explicit  information  on  this  point  could  be  presented,  but  it  is 
perhaps  sufficient  to  say  that  the  State  of  Massachusetts,  which  is  in  the 
fore  front  of  sanitary  legislation,  allows  such  treated  sewage  to  be  turned 
into  natural  drainage  lines  and  streams  as  non-contaminating  waters, — 
a  position  which  has  been  sustained  by  numerous  court  decisions  in 
Massachusetts  as  well  as  in  New  York  and  England. 

IMPOUNDING  OF  FLOOD  WATERS. 

From  an  academic  standpoint,  the  desirability  of  Storage  Reservoirs 
is  undisputed.  We  do  not  reach  the  theoretical  limits  of  our  water  sup- 
plies until  the  last  drop  of  water  has  been  prevented  from  going  to  the 
sea,  has  been  impounded  or  beneficially  used  upon  the  ground. 

Yet  at  the  outset  we  are  confronted  with  the  fact,  that  of  the  storage 
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sites  in  Southern  California,  which  are  feasible,  many  are  not  utilized. 
Recognizing  this  fact,  we  naturally  inquire  why  have  they  not  been 
utilized. 

The  intelligence  to  utilize  natural  advantages  is  here,  the  wealth  to 
derelop  them  and  the  market  to  use  them.  There  must  be  practical 
diificultles.  Any  one  familiar  with  water  conditions  has  not  far  to  go  to 
stumble  on  some  of  them.  The  difficulties  may  be  legal,  or  financial 
or  physical. 

The  legal  difficulty  includes  obtaining  a  clear  title  to  water  and  then 
maintaining  possession.  The  storage  of  flood  waters,  to  be  used  on  lands 
riparian  to  the  stream  would  seem  to  be  simply  a  case  of  appropriation  of 
unappropriated  waters.  Tet  throughout  Southern  California  the  low 
water  or  normal  flow  is  already  appropriated,  and  litigation  may  be  ex- 
pected in  the  absence  of  legislation,  over  the  questions  of  what  is  legally 
storable,  what  is  flood  discharge,  and  what  is  usual  flow,  and  whether 
flood  waters  feed  the  great  gravel  reservoirs  of  our  artesian  wells  and 
pumping  plants,  and  whether  these  will  be  injured  In  a  legal  sense  by 
Intercepting  flood  waters. 

As  to  financial  difficulty  the  reservoir  proposition  must  pay.  In  a 
large  sense  from  a  public  standpoint,  almost  any  reasonable  reservoir 
would  pay.  But,  with  legal  and  economic  conditions  as  they  are  now,  aa 
an  investment  proposition,  even  public  spirited  men,  bent  on  development 
of  their  community  may  well  feel  discouraged,  when  obliged  to  compete 
in  the  money  market,  with  Los  Angeles  real  estate,  oil,  mines  and  the 
numberless  investment  opportunities  of  Southern  California. 

A  reservoir  costs  money.  A  corporation  or  an  individual  furnishes 
this  money  and  therefore  has  an  interest  in  it  The  reservoir  supplying 
water  not  before  obtainable,  produces  an  appreciation  in  the  values  of 
lands  which  before  could  not  be  irrigated.  Therefore  the  land  owner  Is 
interested.  The  irrigator  who  is  to  use  the  water  has  an  investment  in 
crops  and  a  field  of  labor.  He  is  interested.  The  holder  of  vested  water 
rights  is  concerned  as  to  the  effect  of  the  new  work  upon  him.  He  is 
interested.  The  public,  desiring  economic  development  of  the  community, 
is  interested. 

The  solution  would  seem  to  lie  in  an  equitable  adjustment  of  respon- 
sibility and  benefit  among  all  these  interests,  so  that  each  may  take  an 
active  part  in  forwarding  the  enterprise. 

It  is  of  prime  importance  that  this  Congress  should  begin  such  a 
solution,  determine  and  initiate  a  iK>licy  which  will  induce  an  era  of 
reservoir  building  in  Southern  California. 

We  are  not  without  examples  of  such  solutions. 

For  instance,  in  Arizona,  the  water  users  association  of  the  Phoenix 
Valley  have  settled  all  their  family  quarrels,  and  will  receive  the  benefit 
of  the  Great  Ton  to  Reservoir. 

Similarly  the  interests  concerned  with  any  one  of  the  possible  reser- 
voir sites  should  unite,  harmonize  their  individual  differences,  and  make 
it  possible  for  capital  whether  it  is  advanced  by  the  Government  as  in 
Arizona,  or  by  local  corporations  to  enter  the  field  and  carry  the  work  to 
completion. 

So  much  for  financial  and  legal  obstacles.  Clear  away  these  and  the 
body  of  engineers  of  Southern  California  may  be  trusted  to  clear  away 
the  physical  obstacles,  to  determine  the  facts  of  flood  supply,  of  costs,  of 
permanency;  in  short  of  engineering  feasibility,  which,  combined  with  legal 
and  financial  feasibility,  will  sanction  a  given  work. 

Many  situations  which  at  first  glance  seem  possible  sites,  upon  in- 
vestigation must  be  eliminated  from  the  list  of  practicable  constructions, 
because  of  various  conditions. 

Some  are  so  situated  as  to  require  a  flood  supply  conveyed  from  other 
drainage  areas,  a  condition  desirable  enough  on  theoretical  grounds  as 
minimizing  the  silt  problem. 
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Some  are  simply  sites  without  sufQcient  supply,  whether  due  to  Insuffi- 
cient rainfall  or  feasible  drainage  areas.  Others,  situated  across  tor- 
rential streams,  can  measure  their  life  in  decades  before  being  silted  up. 
True,  their  height  may  be  constantly  Increased,  and  the  reservoir  will 
gradually  assume  the  character  of  Mr.  Mendenhall's  gravel  'storage  basins 
(or  those  described  by  Mr.  Trask),  but  their  costs  are  correspondingly 
increased. 

Perhaps  the  number  of 'possible  reservoir  sites  will  be  reduced  to  a 
dozen  feasible  ones,  on  thorough  study  and  examination  and  the  deter- 
mination of  facts. 

Attention  will  now  be  drawn  to  some  storage  possibilities.  A  pleasing, 
and  it  is  to  be  hoped,  a  not  utterly  useless  occupation. 

Mr.  Llpplncott  has  already  spoken  of  a  number  of  these  here  listed. 
The  data  for  areas  and  capacities  here  given  are  taken  from  published 
maps  of  the  U.  St  Geological  Survey. 

Turning  to  the  Santa  Ana  River,  a  reservoir  site  exists  6n  the  main 
fork  above  the  junction  with  Bear  Creek  at  Alfilaria  Flats,  which  would 
supplement  the  famous  Bear  Valley  dam.  With  a  dam  100  feet  high,  it 
would  have  a  capacity  of  10,000  acre-feet.  This  is  interesting  not  only 
because  of  the  value  as  an  irrigation  matter,  but  electric  plants  below 
this  site  are  installed  and  the  storage  water  flowing  through  'their 
machines  would  benefit  them  to  the  extent  of  1500  H.  P.,  for  which  they 
could  afford  to  pay  $16,000  annually.  The  capital  corresponding  to  this 
sum  at  5  per  cent,  is  $300,000,  which,  if  It  could  be  arranged,  would  go 
far  toward  building  the  dam. 

•  Lower  down  on  the  Santa  Ana  River  opposite  Riverside,  the  Salt 
Lake  Railway  recently  built  a  concrete  bridge,  probably  determining  the 
depth  to  bedrock  at  the  dam  site  at  that  point.  A  dam  at  this  point  60 
feet  in  height  would  back  water  up  one  and  one  half  miles,  cover  2  1-3 
square  miles  and  have  a  capacity  of  20,000  acre  feet.  A  dam  100  feet  high 
would  quadruple  this  capacity.  The  mountainous  drainage  area,  trib- 
utary to  it,  is  about  400  square  miles. 

The  Santa  Ana  river  has  a  large  drainage,  a  large  runoff,  and  is  now 
stored  only  in  a  minor  tributary  by  the  Bear  Valley  dam  and  by  thirsty 
gravels.  These  sites  are  good  examples  of  the  need  of  Joint  action,  with- 
out it  they  will  remain  unused. 

Between  Redlands  and  Los  Angeles  at  various  points  along  the  foot- 
hills are  small  buttes  or  hills;  enclosing  in  a  crescent  shaped  form  two  or 
three  sides  of  possible  reservoir  sites.  These  are  often  at  considerable 
distances  from  sources  of  flood  water  supply,  and  require  joint  action.  As 
they  stand  they  are  bank  safes  without  money  in  them,  while  across  the 
innocent  looking  divide  there  may  be  plenty  of  money  but  no  bank  safe. 
They  have  a  distinct  superiority  over  reservoirs  across  stream  channels, 
in  that  their  silting  up  can  be  avoided. 

The  maps  show  a  site  of  this  character  along  the  line  of  foothills  south 
of  the  line  of  the  Southern  Pacific  R.  R.,  between  Los  Angeles  and  Pas- 
adena. Midway  the  foothills  are  pierced  by  a  small  drainage  line.  Ap- 
parently a  reservoir  site  exists  here  into  which  the  floods  of  the  San 
Gabriel  and  Arroyo  Seco  might  be  thrown. 

Coast.  Along  the  coast  northwest  from  Santa  Monica  are  a  half  dozen 
small  streams  now  wasting  into  the  ocean,  each  with  its  natural  geological 
basin  for  a  reservoir  site.  These  tiny  streams  might  supplement  the 
Malibu  and  Triumpho  Reservoirs  of  which  Mr.  Llpplncott  has  told  you, 
feeding  into  the  same  system  which  would  conduct  these  waters  to  the 
lands  between  Santa  Monica  and  Hollywood.  Individually  they  are  of  no 
importance.  They  suggest,  however,  that  the  works  may  gradually  be 
extended  over  a  series  of  years,  paying  something  in  immediate  return 
as  it  proceeded.  On  the  Upper  Triumfo,  in  Ventura  County,  a  concrete 
dam  reservoir  is  now  under  construction,  which  Mr.  Koebig  can  tell  us 
about,  and  perhaps  with  the  exception  of  works  at  San  Diego  was  the  only 
dam  built  last  year  in  Southern  California. 
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The  Ventura  river  also  wastes  into  the  Ocean  at  the  town  of  Ven- 
tura a  probable  minimum  of  250  miners'  inches.  Ideal  storage  could  be 
obtained  on  the  mesas  around  Nordhoff. 

The  Santa  Clara  River  in  Ventura  County  is  a  great  spendthrift, 
wasting  into  the  ocean,  and  the  dam  sites  on  the  Piru  Creek,  spoken  of 
by  Mr.  Ldpplncott,  are  of  great  value. 

San  Diego  County  has  important  reservoir  sites,  as  at  Warner's 
ranch,  and  it  is  to  be  hoped  that  a  united  dftort  be  made  to  secure  rain- 
fall and  flood  observations  which  will  determine  their  economic  limits  and 
feasibility. 

In  conclusion  the  Congress  is  urged  to  impress  upon  communities, 
associations  and  governing  bodies,  the  importance  of  obtaining  long  in 
advance,  the  preliminary  data  of  rainfall,  stream  flow,  and  flood  discharge. 
In  this  work  the  U.  S.  Geological  Survey  has  long  aided  Southern  Cali- 
fornia, collecting  exceedingly  valuable  data,  which,  however,  for  the  pur- 
poses discussed  in  this  paper,  should  be  greatly  extended. 

Finally,  it  is  to  be  hoped  that  the  Congress  will  successfully  initiate  a 
policy  of  reservoir  building  in  Southern  California. 

This  paper,  which  Mr.  Storrow  prepared  for  the  Congress,  was  re- 
ceived too  late  to  be  read,  but  is  now  inserted  in  the  published  proceed- 
ings. 

THE  STAGE  OF  FLOOD  WATERS. 

In  the  few  minutes  allowed  for  the  reading  of  this  paper,  few  facts 
or  statistics  can  be  given.  I  must  ask  you  to  search  your  memories  for 
the  observations  of  facts  to  prove  or  disprove  my  statements. 

You  have  all  seen  the  sudden  rushes  of  water  tearing  down  our  main 
streets  after  a  hard  shower.  Spring  Street  on  a  rainy  day  is  familiar  to 
us  all.  a  dirty  flood  from  curb  to  curb,  knee  deep,  and  swift;  a  large 
volume  of  water  if  we  could  save  it  to  irrigate  a  few  acr^s.  Possibly  you 
have  wondered  where  that  water  went,  and  if  it  could  be  put  to  some 
profitable  use. 

As  a  large  example  we  have  the  Los  Angeles  river,  usually  a  nearly  or 
quite  dry  gravel  bank,  a  free  supply  of  dry  sand  and  gravel;  sometimes 
a  raging  and  rushing  torrent  the  more  devastating  because  its  very  con- 
dition of  depleted  dryness  lulls  us  to  a  false  sense  of  security.  One  of  the 
branches  of  the  Los  Angeles  River  is  called  in  Spanish  "The  Dry  Ravine," 
Arroyo  Seco.  So  dry  is  this  dry  ravine  that  only  three  times  have  I  seen 
it  discharging  water  into  the  Los  Angeles  River.  Another  branch  is  the 
Tejunga.  Twice  have  I  seen  the  floods  of  the  Tejunga  pass  the  Southern 
Pacific  tracks  in  the  San  Fernando  Valley  and  once  reach  the  Los  Angeles 
River.  I  have  been  told  that  twice  since  I  have  lived  here  (ofC  and  on 
since  1890)  the  Los  Angeles  River  has  discharged,  as  a  surface  stream, 
into  the  Ocean. 

Whence  came  these  floods  and  where  does  the  storm  water  of  our 
streets  go;  and  the  flood  waters  of  Arroyo  Seco,  of  the  Tejungas,  of  the 
Los  Angeles  River,  of  the  San  Gabriel,  the  Santa  Ana,  of  the  canyons 
sometimes  discharging  into  those  streams  and  the  many  more  that  do  not? 

The  rain  falls  on  the  Just  and  on  the  unjust,  on  the  mountains  and 
on  the  plain  more,  much  more,  on  the  mountains  and  sometimes  but  little 
on  the  plains.  The  vertical  depth  of  he  year's  rainfall  in  Los  Angeles 
varies  from  five  inches  in  the  rainy  season  of  most  deficient  precipitation 
to  eight  times  that  or  forty  inches  in  the  year  of  the  flood;  the  average 
is  less  than  half  the  flood,  and  possibly  three  times  the  minimum.  The 
rainfall  in  the  higher  mountains  is  possibly  about  twice  the  rainfall  of 
Los  Angeles.  The  total  area  from  which  the  rains  and  melted  snows 
drain  towards  the  Los  Angeles  River  is  so  great  that  this  total  rainfall 
is  annually  enough  to  cover  one  million  acres  with  water  a  foot  deep  or  to 
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properly  irrigate  one-half  million  of  acres.  Add  to  this  the  vast  totals 
of  the  San  Gabriel  River,  the  Santa  Ana  River,  and  the  many  small 
canyons.  Compare  with  this  great  total  the  few  paltry  thousands  of 
acres  we  actually  Irrigate.  Think  of  the  loss.  And  yet  I  have  said  that 
only  very  seldom  do  these  streams  discharge  surface  flow  into  the  Ocean. 

The  rainfall  is  our  water  supply.  The  mountains  catch  more  rainfall 
on  square  mile  of  their  precipitous  sides  than  falls  on  two  square  miles 
of  the  plain.  The  mountains  discharge  great  floods,  in  sudden  rushes 
through  their  rocky  canyons,  out  onto  the  gravel  covered  plains.  The 
rainfall  on  the  plains  either  sinks  at  once  into  the  ground  or  starts  in 
comparative  quietness  on  its  Journey  down  the  gentle  slopes  and  soon  is 
lost  by  seepage  into  the  ground.  In  any  event,  that  part  of  the  rainfall 
not  otherwise  disposed  of  sinks  into  the  ground. 

Of  the  water  that  falls  as  rain  or  snow,  some  is  at  once  evaporated 
back  into  the  air.  Some  (much  more)  is  evaporated  after  it  has  gotten 
further  along  on  its  journey  but  before  it  reaches  the  roots  we  wish  to 
irrigate.  Some,  probably  far  the  greater  part,  drops  downward  through 
the  soil  and  Joins  the  great  body  of  underground  waters  which  we  tap  by 
underground  tunnels,  or  galleries  or  by  walls,  for  the  supplying  of  this 
city  or  the  thousand  and  one  other  worthy  or  unworthy  consumers  of 
water.  Of  the  water  which,  in  the  mountains,  sinks  into  the  ground,  quite 
a  considerable  amount  comes  to  the  surface  again  at  a  lower  level  as  a 
spring  feeding  some  surface  stream.  If  all  conditions  are  favorable  these 
springs  may  flow  throughout  the  year.  Human  artifice  can  partially  reg- 
ulate the  flow  of  these  springs  as  by  tunneling  into  the  water-bearing 
gravels,  or  by  other  means,  and  so  somewhat  readjust  the  rate  of  flow 
throughout  the  days  of  the  year  and  even  year  by  year.  But  human 
effort,  Mr.  Hatfleld  to  the  contrary  notwithstanding,  does  not  materially 
affect  the  total  supply,  but  merely  its  availability. 

The  gravel  deposits  into  which  the  rainfall  directly  sinks  or  to  which 
it  is  brought  after  a  longer  or  shorter  Journey  over  the  surface,  are  our 
great  natural  reservoirs  or  conserving  places,  rendering  the  winter's 
rains  an  available  and  acceptable  water  supply  during  the  rainless  sum- 
mer months.  These  gravel  deposits  and  their  yields  of  water  are  known 
to  you  all. 

The  City  of  Los  Angeles  gets  virtually  all  its  water  from  the  natural, 
or  artificially  stimulated,  drainage  from  the  great  gravel  banks  of  the 
San  Fernando  Valley.  The  City  of  Pasadena  drains  a  large  part  of  its 
water  supply  from  the  gravelly  bed  of  the  Arroyo  Seco.  So,  too,  with 
almost  every  city  and  town  of  Southern  California  and  many,  very  many, 
elsewhere.  The  underground  waters,  drained  by  gravity  or  by  pumping 
from  the  gravelly  beds  of  streams,  are  considered  of  superior  and  un- 
contaminated  purity  for  domestic  purposes  and  are  all  too  often  the  only 
waters  available  for  any  purpose. 


We  often  think  of  the  storage  of  water  supplies  as  Including  the 
building  of  great  reservoirs,  surrounded  by  great  embankments  or  con- 
trolled by  massive  dams  of  earth  or  masonry.  The  word  reservoir  usually 
calls  to  mind  some  such  picture,  with  a  long  vista  of  rippling  water; 
built  on  a  hill  top  and  fed  by  a  wonderful  pumping  plant  throbbing  great 
heart-beats  of  life-giving  water  from  some  nearby  stream;  or  a  massive 
pile  of  earth  or  masonry  built  across  a  mountain  valley,  a  monument  to 
some  engineer's  skill  and  daring  in  damming  the  natural,  or  artificially 
assisted,  fiow  of  the  stream.  We  are  told  how  many  millions  or  billions  of 
gallons  of  water  the  great  reservoir  safely  holds,  or  sometimes  the  sadder 
story  of  somebody's  mistake,  a  broken  dam  and  a  Johnstown  Flood. 
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The  essence  of  these  reservoirs  is  that  the  water  shall  be  stored  to 
be  used  at  the  time  of  demand,  and,  if  possible,  shall  be  used  by  gravity 
flow.  We  therefore  aim  to  build  our  great  reservoirs  pretty  well  up  hill 
which  is  also  near  the  source  of  supply,  but  often  not  near  the  point  of 
use,  at  which  latter  place  we  often  build  smaller  reservoirs,  and  frankly 
call  them  "distributing  reservoirs,"  while  the  great  reservoirs  in  the 
mountains  are  looked  upon  as  sources  of  supply.  The  proper  selection 
of  an  acceptable  site  for  these  mountain,  or  supply  reservoirs,  with  an 
appropriate  site  for  an  impounding  dam,  is  a  matter  of  a  high  order  of 
engineering  skill,  assisted  by  a  kindly  predisposition  on  the  part  of  the 
All-wise  Providence.  Here  in  California  Providence  has  been  both  lavish 
and  niggardly.  The  valleys  at  Sweetwater  Dam  and  at  Hermet  Lake 
seem  designed  almost  on  purpose  for  the  wonderful  dams  built  in  those 
places  by  Mr.  Schuyler;  while  the  steep  and  narrow  mountain  valleys  on 
the  head  waters  of  the  Los  Angeles  River  and  the  San  Gabriel  do  not 
seem  to  offer  such  advantageous  sites  for  large  reservoirs.  Numerous 
sites  offer  in  the  foothills  and  on  the  plains  for  small  reservoirs  and  we 
have  the  reservoir-like  action  of  the  gravel-filled  valleys  as  a  means  of 
storing  the  otherwise  lost  winter  floods  for  use  during  the  time  of  our 
summer  need. 

The  actual  building  of  earth  embankments  and  low  earthen  or 
masonry  dams  on  well-chosen  sites  in  the  foothills  is  a  matter  more  of 
attention  to  the  details  of  a  mechanical  trade  than  a  display  of  engineering 
skill.  The  choosing  of  the  site  is  the  more  difficult  job,  the  more  espec- 
ially as  it  is  not  absolutely  proven  that  any  simple  and  convenient  sites 
exist,  and  it  is  even  less  evident  in  the  absence  of  a  systematic  search 
that  such. sites  do  not  exist. ' 

Mr.  A.  H.  Koebig  was  called  upon  by  the  Chairman  and  addressed 
the  Congress  as  follows: 

Mr.  Koebig. — It  was  only  proposed  to  discuss  the  questions  suggested 
by  the  papers,  and  I  may  say  I  am  entirely  unprepared.  Conservation  of 
water,  water  supply,  rainfall,  and  usage  of  the  water  has  gone  so  far  in 
the  flesh  and  blood  of  every  engineer  who  has  made  his  residence  in 
Southern  California,  as  I  have  done  for  the  last  twenty  years,  that  even 
when  we  are  unexpectedly  called  upon  we  have  some  little  to  say.  The 
papers  which  have  been  read  here  during  the  day  have  so  ably  discussed 
the  phases  of  the  water  supply  and  conservation  of  the  same,  as  well  as 
the  usage  of  the  water,  economy  of  use,  etc.,  that  there  remains  very 
little  for  me  to  say. 

I  think  we  can,  however,  classify, these  papers  into  two  groups:  First, 
the  papers  which  dealt  with  the  conservation  of  the  water;  and,  second, 
those  which  dealt  with  the  economical  use.  The  conservation  of  water 
Is  done  by  flrst  the  reservoirs;  second,  underground  reservoirs;  and, 
third,  return  from  the  irrigation  waters. 

The  drawing  on  our  natural  water  supply  in  the  underground  reservoirs, 
in  my  opinion,  is  a  very  dangerous  proceeding,  because  we  have  already 
more  than  exceeded  our  supply  by  far.  It  is  impossible  to  believe  that 
we  can  go  on  and  pump  water  out  of  our  great  storage  reservoir  basins, 
in  the  San  Bernardino,  Pomona,  San  Fernando  valleys,  and  others,  with- 
out limit.  To  my  knowledge  in  the  upper  levels  of  these  valleys,  the 
plane  of  saturation  has  already  within  the  last  ten  years  been  lowered 
about  150  to  200  feet.  We  have  pumped  the  water  which  has  been  stored 
for  years,  and  hundreds  of  years,  in  those  reservoirs,  and  used  the  same 
to  conserve  our  business  and  our  prosperity;  but  we  soon  will  come  to 
the  point  where  we  will  have  to  call  a  halt.  E^'en  this  copious  rainfall 
which  this  season  has  so  kindly  come  to  our  rescue  will  not  -be  able  to  fur- 
nish a  small  portion  of  the  demand  which  pumps  now  require.  Water  satu- 
rates the  ground,  and  then  it  runs  off.  Storms  saturate  the  surface,  which 
takes  up  a  small  portion  of  the  water,  and  then  the  water  runs  oft.  If 
we  should  endeavor  to  conserve  our  homes  and  our  business,  we  must  do 
:it  by  storage  reservoirs  in  the  mountins  and  by  foresting  the  mountains. 
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The  storage  reservoirs  will  enable  us  to  bring  the  water  from  the  higher 
levels  to  the  arable  lands,  use  It  there,  and  from  there  a  large  portion,  at 
least  fifty  per  cent.,  of  the  water  which  Is  used  for  irrigation  will  find  its 
way  Into  the  underground  reservoirs.  There  the  water  can  be  used  over 
and  over  again.  This,  In  my  opinion  Is  the  only  way  to  conserve  and 
protect  our  agricultural  prosperity  and  the  prosperity  of  Southern  Cal- 
ifornia. It  is  a  subject  on  which  I  could  say  many  more  things,  but  I  do 
not  wish  to  intrude  on  your  kindness,  and  therefore,  I  will  thank  you  for 
the  attention  you  have  given  me.'  (Applause.) 

Mr.  Prank  H.  Olmsted  was  called  upon  by  the  chair  and  spoke  as 
follows : 

Mr.  Olmtted. — ^As  we  go  from  here  tonight,  I  suppose  we  will  all  ask 
ourselves  the  question,  "Out  of  this  Water  Congress,  do  I  go  home  more 
encouraged  for  Southern  California,  for  the  future  of  this  country  that  I 
love,  than  I  was  when  I  went  to  the  Congress?"  Well,  I  think  I  can 
tell  you  that  we  can  go  home  encouraged — everyone  of  us.  Perhaps  I  • 
am  naturally  an  optimist,  but  I  believe  in  Southern  California,  and  I 
believe  in  our  water  supply,  and  I  believe  perfectly  that  from  this  water 
supply  which  we  have  now  proved  insufficient,  there  is  engineer- 
ing ability,  there  is  foresiglit,  there  is  capital,  there  are  enterpris- 
ing men  here  who  will  see  that  we  get  the  water.  There  are  a  number 
of  ways  we  can  get  it,  but  first  of  all,  it  strikes  me  that  in  every  way  in 
which  we  can  add  to  the  information  of  the  subject,  we  are  helping  the 
cause.  Without  a  definite  plan  we  can  gather  data  with  reference  to  our 
water  supply,  and  that  Is  Incumbent  upon  each  one  of  us.  If  we  are 
living  upon  a  ranch  and  can  only  systematically  observe  from  month  to 
month  the  fluctuation  of  the  water  plane  in  one  well,  that  may  mean  a 
good  deal  to  those  of  us  who  are  engineers  working  in  this  field.  ESvery 
year  there  is  an  accumulation  of  data  on  this  subject  which  will  ulti- 
mately help  us  to  solve  the  problem. 

I  am  very  desirous  of  seeing  either  in  California  as  a  state  or  in 
these  southern  counties  a  commission  which  will,  year  after  year,  along 
defined  and  well-planned  lines,  provide  for  our  future  needs  when  the 
incoming  population  has  increased  to  such  a  point  that  our  visible  supply 
of  water  for  today  is  entirely  inadequate.  And  that  time  will  come.  I 
think  it  is  evident  to  any  reflecting  person  that  Southern  California  is 
destined  to  a  future  which,  on  the  face  of  it,  does  not  yet  appear.  The 
real  causes  which  will  make  Los  Angeles  a  great  commercial  city  are  not 
yet  in  operation.  The  Panama  canal,  the  direct  eastern  outlet,  the 
completion  of  the  San  Pedro  harbor,  the  Pacific  Coast  development,  the 
Pacific  Ocean  development  commercially  for  the  next  hundred  years — 
all  will  plant  between  San  Bernardino  and  Ocean  Park  a  population  such 
as  now  we  can  with  difficulty  conceive;  and  when  such  a  time  comes, 
there  will  be  need,  and  before  that,  also,  of  very  extensive  water  devel- 
opment. In  the  meantime,  we  need  to  be  gathering  the  data  and  to  be 
securing  the  routes  which  will  make  this  development  possible. 

Some  two  or  three  years  ago,  when  I  was  in  the  mountains  for  Mr. 
KerchofP,  looking  for  power,  I  saw  a  lake  three  hundred  and  twenty-five 
miles  away  from  here,  which  was  not  available  for  a  power  proposition. 
But  I  spoke  to  Mr.  Mulholland  about  it,  and  said.  "Los  Angeles  ought  to 
own  that  lake.  The  watershed  above  it  has  an  average  elevation  of  over 
1100  feet."  When  I  was  there  in  August  there  were  great  snow  drifts 
there  40  feet  deep.  That  water  at  that  time  could  have  been  located  by 
the  city  of  Los  Angeles,  with  an  expenditure  of  not  over  one  hundred  or 
two  hundred  thousand  dollars.  That  water  could  have  been  thrown 
through  a  tunnel  into  the  river  and  if  it  had  been  a  hundred  years  before 
we  needed  to  say,  "This  water  is  ours,  Los  Angeles  needs  that,"  we  could 
then  have  gone  there  and  taken  It.  But  we  cannot  do  it  now;  it  is  too  late. 
But  there  are  other  possible  chances  of  that  kind,  and  I  say,  that  Los 
Angeles  and  Southern  California,  ought  to  organize  a  commission  that 
will  seek  out  these  various  possibilities,  and  at  last  when  the  time  comes 
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for  action  we  may  be  equipped  with  all  the  knowledge  that  will  enable  us, 
with  all  the  money  that  will  then  be  available  for  it,  to  do  these  things. 
And  so,  as  we  go  from  here  tonight  I  wish  all  to  take  heart,  because  it  is 
not  a  pessimistic  outlook.  There  is  lots  of  hope,  lots  of  water,  and  lots  of 
future.    (Applause.) 

Mr.  Cuttle,  of  the  Riverside  Water  Company,  was  called  upon  by  the 
chairman,  and  spoke  as  follows: 

Mr.  Cuttle. — I  am  not  an  engineer  by  profession.  I  am  a  praotlcal 
water  man  and  have  had  some  years  eiperience  in  developing  water  and 
in  irrigation  at  Riverside.  We  all  know  what  many  of  you  gentlemen  have 
told  us,  that  the  underground  waters  are  decreasing,  possibly  faster  than 
they  are  coming  in.  The  question  of  conserving  these  waters  is  a  very 
grave  matter.  I  have  no  solution  for  it.  I  have  no  theory  at  present,  ex- 
cept what  has  come  to  me  second-handed.  One  of  these  ideas  is  the 
distributing  of  the  storm  waters  at  the  mouth  of  the  canyon  In  the  sand 
and  silt,  and  allowing  it  to  soak  into  the  sands,  thereby  filling  up  the 
canyon  is  a  surer  way  than  if  they  were  let  alone.  We  are  doing  a  little 
work  of  this  kind  now  in  connection  with  our  company.  The  water  in 
the  Santa  Ana  river  today  is  very  great,  and  with  a  little  money  spent 
in  this  way  no  doubt  the  returns  will  be  very  great.  We  will  take  this 
work  up  and  push  it  as  far  as  we  feel  able  to  this  year;  and  we  are  going 
to  attempt  to  form  a  permanent  organization  for  this  purpose,  to  take  care 
of  the  flood  waters. 

I  am  entirely  unprepared.  I  had  no  idea  that  I  w^ould  be  asked  to 
say  anything.  I  thank  you  for  the  kind  attention  you  have  given  me. 
(Applause.) 

A  Delegate. — How  do  you  do  that  kind  of  work? 

Mr.  Cuttle. — The  work  for  the  present  is  building  dams  of  the  boul- 
ders, just  as  they  lie  on  the  ground.  We  place  them  sufficiently 
high  to  divert  the  water  from  the  main  channel,  into  dry  washes.  In  all 
these  streams,  or  in  the  beds  of  these  streams,  will  be  found  dry  washes. 
There  are  many  of  them  which  have  no  water  in  them,  while  in  the  main 
channel  the  whole  stream  will  be  found.  By  diverting  pretty  well  toward 
the  mouth  of  the  canyon,  the  water  is  diverted  into  these  dry  washes,  and 
it  will  sink  Into  the  sand.  Mr.  Trask  had  an  able  paper  on  that  matter  to- 
day. I  do  not  quite  agree  with  all  his  theories.  As  I  understand  him,  he 
says  that  ditches  should  be  run  at  right  angles  to  the  main  stream  and 
water  diverted  in  those  ditches  about  500  feet  apart  down  stream  and 
at  right  angles  to  the  stream.  It  would  be  almost  impracticable  to  do  that, 
on  account  of  the  condition  of  the  country.  His  idea,  as  I  take  it,  was  to 
flow  the  water  from  one  ditch  to  another,  allowing  it  to  soak  into  the  ground. 
The  ground  is  so  uneven  and  the  bed  of  the  streanis  so  uneven  that  it 
would  be  almost  impossible  to  do  that;  and  the  only  means  we  have  fol- 
lowed so  far  is  to  divert  them  into  these  washes. 

Some  people  have  taken  up  lands,  I  understand,  in  certain  sections 
of  the  country  for  the  purpose  of  securing  boulders  for  building  purposes. 
I  have  heard  that  some  people  have  taken  up  those  lands  with  the  idea  of 
keeping  other  people  from  getting  the  boulders.  This  work  has  to  be 
carried  on  carefully,  for  the  reason  that  by  turning  the  water  into  these 
dry  washes,  they  may  get  onto  some  of  this  land  which  is  valuable  and 
cause  many  damage  suits.  I  think  there  is  some  work  that  can  be  done 
along  the  line  of  securing  lands  for  the  purpose  of  distributing  water.  I 
have  been  told  that  there  is  a  lot  of  land  available  in  this  way.  Perhaps 
in  another  year  dams  may  be  built  at  a  level  sufficient  to  deliver  the 
water  without  taking  the  whole  flow  of  the  water.  Perhaps  a  certain 
amount  can  be  diverted  into  these  other  portions  when  the  flood  comes. 
The  idea  is  to  build  the  dams  so  that  the  bulk  of  the  water  will  go  over 
the  dam  and  not  cause  damages  to  any  lands. 

A  Delegate. — I  would  like  to  ask  Mr.  Cuttle  if  any  attempt  has  been 
made  in  the  diversion  of  these  storm  waters  to  conduct  the  waters  through 
the  medium  of  shafts  or  holes  in  the  ground,  below  the  strata,    holding 
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them  below  the  surface.  I  presume  the  water  will  gather  in  the  porous 
strata  but  might  not  reach  the  lower  strata  which  might  be  valuable 
for  storing  the  water.    Has  any  attempt  been  made  to  do  that? 

Mr.  Cuttle. — 'No  attempt  has  been  made  to  force  the  water  to  a  lower 
strata.  If  the  work  could  be  followed  up  and  carried  out  carefully.  It 
could  be  made  to  lose  itself  in  these  dry  washes. 

Mr.  Parker,  of  Orange  County,  was  called  upon  and  addressed  the 
Congress  as  follows: 

Mr.  Parker. — I  have  been  an  irrigator  in  Orange  County  for  a  good 
many  years.  Toward  the  mouth  of  the  Santa  Ana  river  the  valley  spreads 
out  like  a  fan,  and  a  great  amount  of  the  waters  that  come  down  the  river 
in  the  winter  time  goes  Into  that  great  valley  below.  Above  Anaheim 
they  have  been  putting  in  a  great  many  pumping  plants  in  the  last  three 
or  four  years,  and  the  water  is  t)umped  and  used  upon  the  lands  all  the 
way  down  as  far  as  Westminster.  It  has  a  tendency  to  go  back  into  the 
^ound  and  settle  down  to  the  lower  strata  and  then  it  can  be  used  over 
again  as  it  goes  down  through  the  valley.  I  have  noticed  the  same  thing 
in  the  San  Fernando  valley.  It  makes  a  great  storage  reservoir  and  all 
of  this  storage  reservoir  is  a  benefit  to  the  people. 

There  was  one  subject  that  came  up  today  in  reference  to  the  cultiva- 
tion of  orange  trees.  I  don't  quite  agree  with  our  friend  that  believes  in 
plowing  up  the  surface  roots  as  much  as  he  does.  1  believe  in  studying  na- 
ture as  much  as  possible.  We  all  know  that  it  takes  the  sun,  the  land 
and  the  water  to  produce  vegetation,  and  of  course  the  better  the  condi- 
tions, the  better  the  results.  Therefore,  I  don't  quite  agree  with  them 
in  the  idea  of  cutting  off  the  roots  after  the  tree  gets  established.  In  the 
first  cultivation  of  trees  their  theory  I  think,  is  correct,  keeping  the  mois- 
ture down  as  low  as  possible,  and  the  roots  as  low  as  possible;  but  out 
in  the  forest  we  notice  great  trees  which  grow  to  immense  height,  and  we 
notice  also  that  the  roots  come  close  to  the  surface.  Where  you  see  a 
tree  blown  over  these  surface  roots  are  not  very  deep  in  the  ground,  and 
I  think  that  we  get  fuller  fruit  and  better  fruit  where  we  get  surface  irri- 
gation. Of  course,  the  theory  is  all  right,  but  I  don't  think  It  Is  a  good 
idea  to  cut  the  roots  of  the  trees  oft  for  the  sake  of  getting  the  water 
down.  In  my  observation  of  the  cultivation  of  orange  trees,  I  would  cul- 
tivate from  the  top  during  the  summer,  but  In  the  spring  I  would  plow  my 
ground  at  least  twice  and  I  would  cultivate  not  more  than  three  inches 
deep  on  top.  In  the  winter,  I  would  break  It  up  five  and  six  inches. 
Wherever  you  scratch  and  cultivate,  you  form  a  crust.  The  object  Is  to 
break  that  crust,  and  with  the  plow  in  the  spring  to  le^ve  the  ground  na- 
turally as  It  was  before  you  irrigated;  that  Is  the  silt  and  stuff  has  a 
tendency  to  form  a  crust  which  needs  to  be  broken  up.  I  don't  think  it 
good  policy  to  go  much  below  six  Inches  In  plowing.  That  has  been  my 
observation. 

Mr.  Cuttle. — The  matter  of  the  artesian  wells  was  brought  up  today, 
and  I  might  say  that  a  bill  has  been  prepared  by  Mr.  Haskell,  of  San 
Bernardino,  known  to  most  of  you,  and  endorsed  by  the  Riverside  Water 
Company,  and  by  all  the  water  companies  of  Riverside,  making  It  a  mis- 
demeanor to  permit  artesian  waters  to  go  to  waste.  The  bill  describes 
what  waste  shall  be,  and  It  Is  everything  but  domestic  use  or  Irrigation 
of  lands  for  the  purpose  of  raising  crops.  I  understand  it  has  passed  both 
Houses  of  the  Legislature  and  It  will  probably  become  a  law. 

Mr.  Olmsted. — Mr.  Cuttle,  I  do  not  believe  we  could  stand  for  that  In 
Los  Angeles  where  we  are  wasting  about  a  thousand  to  twelve  hundred 
inches  of  sewage  water  Into  the  ocean  every  day.  I  do  not  think  that 
would  be  consistent.  fS 

Mr. Parker,  of  Los  Angeles,  was  called  upon  by  the  Chair  and 

addressed  the  Congress  as  follows: 

Mr.  Parker. — I  feel  my  Inability  to  make  any  speech  at  all  to  these 
gentlemen.  I  have  only  been  here  In  Los  Angeles  a  matter  of  six  years, 
and  I  am  not  as  thoroughly  conversant  with  the  requirements  and  neces- 
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sities  of  California  as  the  gentlemen  who  spoke  this  afternoon.  I  have 
been  in  touch  with  the  engineering  work  since  I  came,  very  closely,  and 
I  have  had  some  experience  in  the  line  of  water  development.  All  en- 
gineers necessarily  appreciate  when  we  come  in  contact  with  California 
and  the  water  development,  the  requirements  and  importance  of  water 
to  this  country.  I  was  especially  impressed  with  Mr.  MulhoUand's  talk 
this  morning,  and  with  the  papers  which  were  read  tonight.  The  question 
of  the  irrigation  watei^  which  is  going  to  waste  from  artesian  wells  is  a 
very,  very  serious  question.  In  connection  with  some ' work  which  I  had 
at  Long  Beach  the  last  two  years,  I  have  seen  the  artesian  basins  down 
there.  I  have  seen  a  matter  of  three  to  four  hundred  inches  of  water 
going  to  waste  from  as  many  as  four  to  six  wells,  wide  open  all  the  time. 
Now,  that  certainly  should  be  stopped.  I  hope  Mr.  Cuttle  is  right  in  say- 
ing that  the  Legslature  will  pass  the  bill. 

There  are  so  many  papers  which  have  been  given  today  that  I  will 
have  to  confess  my  inability  to  discuss  them.  I  .thank  you  for  your  courte- 
ous treatment  of  me  tonight. 

A  Delegate. — Can  you  tell  how  to  cap  an  artesian  well,  Mr.  Parker? 
That  is,  presuming  you  cannot  top  cap  it. 
Mr.  Parker. — Whx.  won't  the  top  cap  do  it? 

The  Delegate. — ^It  may  come  up  on  the  side. 

Mr.  Parker. — As  a  rule  that  will  do  it.  I  have  seen  that  done  in  a 
number  of  cases,  probably  as  many  as  20.  It  perhaps  cannot  be  done  in 
some  instances,  but  I  have  seen  fully  20  of  the  large  ones  in  Southern 
Californa  capped  in  that  way.  I  believe  it  can  be  done  in  the  majority  of 
cases — certainly  where  it  can  be  done  it  should  be  done. 

Mr.  Cuttle. — I  would  like  to  answer  that  question  by  giving  my  own 
experience.  In  many  cases  the  water  will  come  up  outside  of  the  casing 
where  the  well  is  capped.  One  method  is  to  put  a  plug  of  concrete  around 
the  casing,  carrying  it  out  far  enough  to  check  the  flow  of  water  and  allow 
it  to  set  while  the  well  is  flowing  and  afterwards  cap  the  well. 

That  is  not  always  successful.  A  better  method  and  one  which 
is  successful  in  nine  out  of  ten  cases,  is  to  take  cheap  piling  and  drive  out- 
side of  the  area  where  the  water  comes.  That  can  easily  be  done.  We  are 
preparing  now  to  use  a  light  pile  driver  for  that  purpose,  and  have  a  spec- 
ial light  piliujg  made  with  a  loose  tongue  and  groove,  and  drive  this  piling 
In  a  circle  in  a  distance  of  15  to  18  feet,  and  perhaps  20.  Then  we  place 
in  the  concrete,  allowing  the  concrete  to  set  while  'the  water  flows.  When 
it  is  set  thoroughly  we  cap  the  well.  If  that  is  not  clear  to  any  of  you 
gentlemen,  I  will  be  glad  to  give  you  the  matter  in  clearer  form. 

SUMMING  UP 

Ladies  and  gentlemen,  I  regret  to  see  on  this  progrram  this 
summing  up  which  was  put  here  without  any  expectation  or  desire  on  my 
own  part;  but  I  will  say  a  few  words. 

I  remember  in  another  state,  a  long  ways  from  here,  some  years  a^o 
there  were  some  very  fine  peach  orchards;  and  a  terrible  enemy  came  in- 
to them,  peach  yellow.  When  it  first  came,  everybody  said,  "Say  nothin^r 
about  It,"  and  in  a  certain  sense  there  was  a  policy  there,  because  many 
•f  them  would  sell  better;  and  1  regret  to  say  many  of  them  were  sold, 
it  was  a  <terrible  enemy,  and  as  nobody  was  studying  the  nature  of  the 
case,  the  orchards  all  went  to  pieces.  One  of  the  best  peach  orchards 
in  the  world  came  to  naught.  A  little  ways  from  that  orchard  there  was 
another  orchard,  no  better  but  equally  as  fine,  and  the  owners  started  in 
on  another  basis.  They  studied  the  disease  and  found  out  all  they  could 
about  it,  for  the  purpose  of  coping  with  it.  Today  that  is  a  famous  peach 
orchard. 
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Now,  it  seema  to  me  that  Ib  a  pretty  wise  thing  to  do.  When  there  is 
a  menace,  let  us  stare  it  in  the  face.  And  ladies  and  gentlemen,  we  have 
a  menace,  and  my  friend  Mr.  Mitchell  called  attention  to  that  fact  today, 
that  wells  which  11  years  ago  were  flowing,  are  being  pumped  today  at 
a  depth  of  95  feet.  It  certainly  is  a  grave  matter,  and  it  seems  to  me  it 
la  time  to  give  it  careful  consideration.  I  am  a  good  deal  happier  about 
it.  I  have  great  faith  in  California.  I  beliere  in  it  thoroughly,  and  I  be- 
lieve R  is  none  too  soon  for  us  to  study  this  matter  in  all  its  phases.  I 
believe  we  will  all  go  home  with  a  great  deal  more  faith  in  the  matter, 
and  I  would  suggest  that  we  try  to  impress  upon  our  friends  the  truths 
which  have  been  presented  today. 

Now,  my  frends,  we  have  a  magnificent  country.  I  don't  think  its 
superior  exists  in  the  world.  We  have  a  magnificent  prosperity  agricul- 
turally. Perhaps  I  had  better  not  say  much  about  that.  They  mention  it 
to  us  when  we  get  to  talking  about  railroad  rates.  But,  when  magni- 
ficent orchards  in  the  crops  of  three  or  four  years  have  been  paid  for  at 
a  great  big  price,  that  is  a  wonderful  showing.  We  have  a  magnificent 
prosperity  agriculturally.  The  reason  for  this,  and  the  reason  that  people 
from  abroad  are  attracted  to  this  country  is  largely  our  citrus  orchards. 
We  are  proud  of  them  and  we  may  well  be.  We  do  not  want  to  rejoice 
over  the  ill-success  of  others,  but  when  that  Ill-success  afitects  us,  we  may 
well  consider  it.  There  is  nothing  wrong  in  doing  that.  Florida  has  got 
a  very  black  eye  this  year.  And  Italy  right  on  top  of  it,  although  they  do 
not  produce  such  excellent  citrus  fruit  as  we  do.  The  lemons  of  Southern 
Italy  are  not  equal  to  our  California  lemons,  and  no  orange  in  the  world 
equals  the  Washington  Navel.  That  being  so,  Mr.  Mendenhall's  caution 
oomes  none  too  soon.  Last  year  in  our  section  50  acres  were  put  out,  and 
this  year  over  a  hundred.  We  had  all  we  could  take  care  of  before.  There 
is  something  so  beautiful  about  this  and  about  the  prospects  in  view,  that 
it  is  no  wonder.  So  I  say  again,  these  questions  are  coming  none  too  soon. 
It  seems  to  me  we  ought  to  do  all  we  can  to  inform  the  people  along  these 
lines. 

It  was  not  my  good  fortune  to  be  here  early  enough  to  hear  mu,ch  of 
Mr.  Lippincott's  paper,  so  I  don't  know  much  about  what  he  said.  I  was 
pleased  to  hear  about  the  reservoirs,  and  I  hope  this  magnificent  commit- 
tee that  we  have  now  will  make  full  use  of  the  information  and  set  in 
line  actions  and  energies  that  will  develop  something  that  will  be  of  use 
to  us. 

Now,  we  do  not  know  that  the  rainfall  will  be  any  greater,  and  if  we 
can  avail  ourselves  of  these  waters  and  save  them  from  running  oft,  it  is 
our  duty  to  do  so.  The  subject  is  certainly  worthy  of  consideration.  We 
have  got  this  able  committee  and  we  know  they  are  enthusiastic  in  favor 
of  Siouthem  California  and  its  prosperity,  and  we  know  they  will  carry 
into  effect  these  propositions  that  have  been  given  here.  And  if  Mr. 
Trask  is  right,  and  if  Mr.  Cuttle  is  right,  all  the  methods  he  has  spoken 
of,  which  can  be  used  to  save  the  run-off  and  bring  this  level  up  as  it 
used  to  be  ten  or  eleven  years  ago,  is  a  good  thing;  and  it  is  good  that  we 
have  had  this  Conference. 

The  paper  by  Mr.  Mulholland  was  remarkably  good,  and  we  all  ap- 
preciated it.  There  is  no  question  but  that  the  meter  business  is  a  good 
one,  and  I  hope  it  will  be  carried  out  wherever  it  is  needed  or  necessary. 
Let  me  tell  you  that  it  is  the  right  thing  to  save  the  water  in  any  way 
that  it  is  possible. 

It  was  said  this  morning  that  some  people  are  using  only  one  miners' 
inch  to  ten  acres  and  others  one  miner's  inch  to  three  or  four  acres,  and 
conditions  equal,  and  one  orchard  as  good  as  the  other.  Those  are  elo- 
quent words,  and  they  ought  to  make  us  all  glad.  There  is  a  grand 
chance  for  conservation  of  this  soil  moisture,  of  better  cultivation  and 
deeper  cultivation. 

When  we  come  to  the  pumping,  if  we  can  save  water  there  it  will  be 
well.    We  have   two  committees  at  Pomona  working  on  that  project.     I 
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believe  we  will  succeed.  We  are  not  so  stupid  that  If  -we  can  saye  in 
three  or  four  years  enough  to  put  up  our  whole  plant,  as  not  to  do  that 
thing.  We  are  having  conditions  studied  by  competent  men.  We  are  go- 
ing to  have  a  centralized  power  plant,  and  we  are  going  to  consolidate 
these  interests  and  we  are  going  to  save  that.  These  expenses  this  year, 
it  seems  to  me,  are  terrible  expenses. 

Then  the  matter  Mr.  Mitchell  presented  so  ably  this  afternoon  is  a 
matter  we  are  all  tremendously  interested  in.  Let  us  do  all  we  can  to 
stop  this  waste  of  forest  by  fires.  It  is  enough  to  give  us  the  night- 
mare to  think  that  almost  any  night  we  may  wake  up  and  find  the  forests 
in  the  canyons  going  up  in  smoke.  If  we  cannot  stop  that  any  other  way. 
we  had  better  stop  people  going  into  the  mountains,  entirely,  because  as 
Mr.  Mitchell  says,  they  belong  to  all  of  us. 

Mr.  Lukens  gave  us  something  in  the  line  that  I  have  just  mentioned. 
Now,  I  don't  know  whether  we  ought  to  have  resolutions  or  not.  Very 
likely  Mr.  Boothe  may  have  some  to  present,  but  if  it  will  add  anything 
to  the  strength  and  energy  of  this  body  to  pass  a  set  of  resolutions,  re- 
ferring these  matters  to  the  committee,  I  think  we  should  do  so.  It  is  our 
duty  to  help  them  in  every  way  possible  and  give  them  all  the  encourage- 
ment we  can.  Is  there  any  other  matter,  resolutions,  or  anything  that  will 
help  the  committee?  We  shall  be  glad  to  hear  from  Mr.  Boothe  on  the 
matter. 

Mr.  Boothe. — Mr.  Chairman,  I  have  not  prepared  any  resolutions,  and 
I  don't  know  that  any  have  been  prepared.  Perhaps  following  the  sugges- 
tion made  by  the  chairman,  it  may  not  be  amiss  that  this  congress  should 
make  a  resolution  that  the  commjttee  which  has  been  mentioned  now 
covering  all  of  Southern  California  should  be  instructed  or  requested  to 
take  this  matter  up  in  a  live,  energetic  way  and  proceed  to  study  the 
necessities  of  Southern  California,  the  resources  of  its  water  supply,  and 
the  use  of  water  and  collateral  subjects.  I  should  prefer  that  would  come 
from  somebody  other  than  myself,  for  the  reason  that  I  happen  to  be  on 
that  committee,  and  at  present  the  chairman  of  that  committee,  and  I  do 
not  like  to  offer  a  resolution  for  you  on  that  subject.  If  it  is  the  idea  of  the 
congress,  I  have  no  doubt  that  the  committee  would  be  glad  to  have,  a 
resolution  of  that  kind,  and  it  would  be  somewhat  of  a  basis  upon  which 
they  might  work. 

The  Chairman. — Has  anyone  anything  to  present  in  that  line? 

A  Delegate. — I  cannot  incorporate  all  Mr.  Boothe  suggested.  The  im- 
portance of  securing  a  man  we  fully  appreciate,  and  the  great  importance 
of  preservation  of  the  watershed,  and  a  thoroughly  competent  man  to  su- 
pervise the  control  of  the  reservations  of  Southern  California.  I  move 
that  it  is  the  sense  of  the  delegates  of  the  Water  Congress  of  Southern 
California  assembled  in  the  Chamber  of  Commerce  at  Los  Angeles,  March 
13,  that  we  recommend  that  the  Southern  California  section  of  the  Na- 
tional Irrigaton  Association  canvass  the  situation  and  recommend  to  the 
authorities  at  Washington  the  appointment  of  a  safe  and  competent 
person. 

The  Chairman. — That  motion  is  something  like  the  motion  by  Mr. 
Braly  made  today  and  afterwards  withdrawn. 

Mr.  Cuttle. — I  have  a  motion  to  make.  I  move  you  that  it  is  the 
sense  of  this  convention  that  the  Southern  California  Section  of  The  Na- 
tional Irrigation  Association  be  requested  to  secure  the  enactment  of  such 
laws  as  will  prevent  the  grazing  of  cattle  and  sheep  upon  the  forest 
reservations,  and  also  making  the  forest  reservations  game  preserves.  I 
think  the  appointment  of  a  man  should  be  left  to  that  commttee  or  the 
gentlemen  of  the  committee  as  the  most  important  part  of  the  business. 
We  want  to  get  at  the  principle  first,  and  we  want  the  game  reserves; 
we  want  to  keep  fire  out  and  we  want  the  other  proviso  also. 

Mr.  Boothe. — I  second  the  motion. 

A  Delegate. — This  is  very  much  along  the  line  of  Mr.  Robinson.  Mr. 
Robinson  refers  to  the  pasturing  and  the  passing  over  it. 

—   60   — 


The  Chairman. — Something  like  that  was  passed  today. 

Mr.  Cuttle. — I  didn't  understand  that  was  passed. 

The  Chairman. — Mr.  Robinson  of  Pomona  presented  something  like 
that  this  afternoon.    Perhaps  you  had  better  read  it,  Mr.  Secretary. 

A  Delegate. — I  think  the  motion  offered  by  Mr.  Cuttle  covers  a  dif- 
ferent ground..  The  motion  passed  this  afternoon  asks  the  Southern  Cali- 
fornia Section  of  the  National  Irrigation  Association  to  give  their  support 
to  the  same  thing  which  we  have  adopted.  I  believe  Mr.  Cuttle's  motion 
is  right.    I  should  like  to  see  it  adopted  here. 

The  Chairman. — ^Would  you  like  to  hear  the  resolution  which  was 
passed  this  afternoon? 

The  Delegate. — I  would. 

(The  same  was  then  read  by  the  secretary.) 

Mr.  Cuttle. — Allow  me  to  suggest  that  does  not  provide  against  the 
pasturing  of  stock  upon  the  land;  does  not  provide  for  making  the  forest 
reservation  a  game  reservation.  I  believe  both  of  those  are  important 
matters. 

The  Chairman. — Ladies  and  gentlemen,  you  have  heard  the  resolu- 
tion offered  by  Mr.  Cuttle  and  I  believe  it  is  supported.  Mr.  Cuttle  will 
please  put  that  in  writing  that  the  secretary  may  have  it. 

Mr.  Boothe. — I  suggest  that  the  stenographer  has  it. 

The  Chairman. — If  the  stenographer  has  it,  all  right.  Are  you  ready 
for  the  question. 

(The  question  was  then  put  and  carried.) 

Mr.  Mitchell. — Mr.  President,  I  thoroughly  approve  of  the  resolution. 
I  don't  know  but  that  I  should  ask  the  reconsideration,  for  I  don't  think 
they  go  quite  far  enough.  It  Is  asking  something  that  is  for  the  good  of 
all.  I  think  the  reservations  should  be  closed  to  all.  If  you  want  to  re- 
forest and  dont't  keep  it  closed  from  the  fishermen  and  the  festive  picnick- 
ers and  the  campers,  your  work  will  be  largely  undone  in  spite  of  you. 
They  are  pretty  nearly  as  bad  as  a  band  of  sheep,  but  not  quite.  Now, 
if  we  can  rise  to  the  situation  and  say  we  will  give  up  our  trip  to  the 
mountains,  say,  for  five  years  and  be  willing  to  abjure  the  pleasure  of  a 
fishing  tour  and  camping  party  or  an  occasional  picnic,  then  the  question 
is  solved.  I  think  Mr.  Pinchot  will  meet  us  that  far.  I  think  he  will  say 
if  you  people  are  willing  to  rise  to  the  situation  and  indorse  this,  he  will 
close  the  reservation  for  two  or  for  five  years  or  long  enough  to  allow  the 
trees  a  chance  to  start  and  stop  this  fire  business.  That  is  one  of  the 
ways  by  which  fires  in  the  reservations  are  going  to  be  stopped.  The 
camper,  the  picnicker  and  the  fisherman  are  just  as  bad  as  any  other  class. 
And  our  best  citizens  are  in  it.  Four  of  the  best  citizens  of  Pomona  were 
arrested  by  the  forester,  having  left  a  camp  fire  which  the  law  of  the 
United  States  declares  to  be  a  felony,  and  places  a  fine  of  $5000  and  two 
years  imprisonment  on  the  offense.  Nothing  was  done  except  a  trivial 
fine,  when  the  forester  reported  them  and  they  were  brought  lip  before 
the  court — a  little  ridiculous  folllsh  fine  of  $10.  It  brought  the  law  into 
contempt.  Now,  if  we  wish  those  laws  upheald,  we  must  be  willing  to 
help  carry  them  out,  and  one  of  the  ways  to  carry  them  out  is  to  entirely 
close  the  reservations  until  such  time  as  reforestation  has  had  a  chance. 
I  would  like  a  discussion  of  the  subject  and  the  opinion  of  the  different 
ones  here  as  to  whether  or  not  it  would  not  be  wise  to  pass  a  resolution 
asking,  from  this  Water  Congress,  that  for  a  five  year  period  the  reserva- 
tions be  entirely  closed  to  all. 

A  Delegate. — Offer  it. 

Mr.  Mitchell. — I  will  then,  Mr.  Chairman,  offer  a  resolution  to  the 
effect  that  Mr.  Pinchot,  the  forester  of  the  United  States,  be  requested  by 
this  congress  to  pass  a  rule  that  for  five  years  the  reservations  of  South- 
em  California  be  declared  closed  to  all. 

Mr.  Mills. — I  take  great  pleasure  in  seconding  the  motion. 

The  Chairman. — Gentlemen,  you  have  heard  this  motion  made  by  Mr. 
Mitchell  and  seconded  by  Mr.  Mills,  that  it  is  the  sense  of  this  congress 
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that  these  reservations  be  closed,  and  that  we  so  petition.    Are  you  ready 
for  the  question?    It  is  pretty  drastic. 

Mr.  Mills. — We  have  listened  all  day  to  papers.    We  have  learned 
that  which  we  ought  to  have  learned  heretofore,  if  we  haven't  known  af 
it,  that  our  forest  reservations,  the  reservations  that  feed  all  this  vast  ter- 
ritory that  drains  the  vast  stretch  of  country  in  which  this  city  and  others 
are,  are  being  denuded  of  their  trees.    We  know  that  the  trees  conserve 
that  moisture.    We  may  talk  as  we  like  about  building  dams  and  con- 
serving the  waters  in  catch  basias,  but  if  we  let  the  trees  go  off  the  moun- 
tain tops  and  mountain  sides,  we  will  have  no  waters  to  catch.    These 
trees  with  the  roots  in  the  soil  hold  them  there.    We  must  be  forested. 
We  know  how  other  sections  and  other  countries  have  fared.    Mr.  Mitchell 
gave  us  a  picture  of  Palestine,  and  I  could  not  but  look  back  to  the  days 
when  Joshua  was  sent  up  to  the  portals  of  Palestine,  up  into  the  land  to 
view  it,  and  coming  back  with  the  great  bunches  of  grapes  from  the 
goodly  land ;  and  I  could  not  but  think  of  the  letter  that  was  written  to  me 
by  a  woman  when  I  was  coming  to  this  country.    She  pictured  it  in  all 
its  beauty  and  glory,  and  she  talked  of  Palestine  being  a  land  flowing  with 
milk  and  honey;  and  she  said,  "California,  Jim,  is  not  only  a  land  flowing^ 
with  milk  and  honey,  but  it  is  a  land  of  peaches  and  cream."    I  have  often 
thought  of  Alice  Heather.    She  lies  dead  in  the  clods  of  the  valley. 

But  that  day  is  fast  coming,  as  Mr.  Mitchell  has  said  to  you  today, 
and  I  accept  his  authority  because  I  have  heard  him  before  and  I  know 
whereof  he  speaks,  that  it  is  true — the  day  is  fast  coming  when  there  will 
be  no  milk  or  honey  or  peaches  or  cream  in  California.  We,  who  have 
staked  our  all  in  Californa,  we  who  have  married  our  wives  and  raised  our 
children  and  builded  our  homes,  we  who  have  built  our  schools  and 
built  our  churches,  must  insist  upon  the  government,  or  whoever  has  the 
right  through  its  agents,  to  conserve  for  us  these  waters  that  bring  the 
life  blood  to  all  our  valleys,  that  bring  us  our  hopes,  that  bring  us  our 
incomes.  We  need  drastic  acton  to  be  taken.  We  need  not  hesitate  a 
minute  about  the  citizen  of  Los  Angeles  or  Pomona  or  anywhere  else  who 
wishes  to  go  into  the  valley  and  build  his  camp  flre  beside  the  fishing 
stream.  We  must  have  drastic  measures  where  we  have  to  feed  the 
mouths  of  our  children.  We  must  conserve  these  waters,  and  let  us  ask 
them  to  close  these  reservations  that  we  may  reforest  the  mountains,  that 
we  may  refill  our  reservoirs,  that  we  may  make  sure  of  our  property  for 
our  children  and  their  children's  children,  and  for  the  thousand  and  hun- 
dred of  thousands  who  come  after  us.  Let  us  think  of  the  future,  of  the 
generations  that  come  after  us,  whom  we  may  see,  I  trust  in  Ood,  when 
we  are  beyond  the  Jordan,  whom  we  may  see  reveling  in  the  fruits  and 
in  the  great  orchards  and  the  great  properties  that  we  have  builded  up. 
Let  us  today  authorize  drastic — that  is  the  word  you  used — drastic 
methods  to  be  used  to  save  for  us  that  which  is  being  lost  to  us. 

I  therefore  press  it  home  upon  you  all  that  it  is  necessary  to  act.  Act! 
Let  us  not  talk.  They  say  I  talk,  talk,  talk;  but  God  knows  I  act  too;  and 
let  us  act. 

I  trust  you  will  not  turn  this  resolution  down,  but  that  you  will  pass 
it  unanimously  and  stand  upon  it  with  your  feet  that  the  Lord  gave  yon. 

Mr.  Cuttle. — I  am  very  much  in  favor  of  anything  that  will 
preserve  the  forest,  but  do  not  let  us  get  too  enthus- 
iastic; do  not  let  us  get  so  far  as  to  make  the  thing 
ridiculous.  The  reason  that  I  put  in  my  resolution  that  hunters 
should  be  excluded  and  to  make  it  a  game  preserve,  is  that  hunters  go 
away  from  the  routes  of  travel,  from  the  houses,  from  the  places  of  camp- 
ing into  inaccessible  places  in  the  mountains  hunting  game.  They  build 
their  fires  there  and  when  a  fire  occurs  it  is  difficult  to  reach  it.  It  is 
not  known  until  it  is  a  raging  confiagration.  The  campers  in  tEe  moun- 
tains usually  go  to  some  camping  place.  If  a  fire  should  spring  up,  there 
Is  someone  right  there  to  put  it  out;  and  if  we  get  this  thing  drastic,  if  we 
carry  it  so  far,  no  one  will  pay  any  attention  to  it  and  it  will  simply  kill 
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the  benefit  we  are  seeking  to  derive.  Let  us  do  it  cooly  and  deliberately  if 
it  is  possible  to  do  it.  Personally  I  will  vote  against  it.  I  don't  think  it 
is  well  to  do  it.  If,  after  this  has  been  carried  out  and  the  hunters  are 
excluded,  and  they  are  made  tresspassers — if  then,  we  find  it  is  advisable 
to  take  the  other  step,  it  may  be  advisable  to  do  so.  I  hope  it  will  not 
pass. 

A  Delegate. — ^The  law  at  present  admits  miners  and  prospectors  to  the 
reservations.  If  you  bar  them,  then  you  bar  everyone.  If  you  bar  every- 
one you  bar  the  miners  and  prospectors  and  some  of  the  settlers  who  are 
within  the  United  States  Reservations  will  also  come  under  the  ban.  So 
the  motion  is  too  far  reaching.  If  goin^  on  the  forest  reservations,  no 
one  with  a  shot  gun  iB  allowed.  Tou  are  not  allowed  to  take  a  shotgun 
on  the  forest  reservations,  because  you  are  much  more  liable  to  start  a 
fire  from  the  discharge  of  a  shotgun  than  you  are  from  a  rifle.  To  use  a 
rifle  in  the  forest  reservations,  you  have  got  to  obtain  a  permit  from  the 
United  States  ranger  of  the  district.  Now,  I  have  written,  in  former 
years,  a  good  deal  upooi  this  question,  and  if  it  is  admitted  that  everyone 
who  is  going  on  a  forest  reservation,  whether  for  camping  or  hunting  or 
whatever  purpose,  has  to  obtain  a  license  or  a  permit  in  the  district  in 
which  he  is  to  go  on  that  forest  reservation,  then  you  have  in  each  dis- 
trict a  means  of  knowing  who  is  on  the  reservation.  Then,  if  a  fire 
starts,  you  can  trace  it.  You  know  who  are  there  and  there  is  some  way 
of  finding  out. 

Mr.  Boothe. — I  desire  to  offer  a  substitute  for  the  resolution — there 
is  considerable  truth  in  the  remarks  made  by  the  last  speaker;  and  I 
would  offer  this  resolution,  "That  the  Chief  Forester  of  the  United  States 
be  requested  to  take  such  measures  as  will  insure  the  reduction  of  fires 
in  the  forest  reservations  to  a  minimum,  and  if  necessary  and  under  the 
law  it  is  possible,  to  go  even  so  far  as  to  exclude  persons  from  entering 
the  fbrest  reservations  for  a  period."  That  leaves  the  matter  in  such  a 
way  that  it  shows  that  we  are  willing  to  bind  ourselves,  that  is  the  citl- 
TOns  of  this  part  of  the  country,  not  to  go  in  there  if,  under  the  law,  all 
can  be  excluded. 

Mr.  Mills. — The  original  resolution,  offered  with  the  idea  of  these  gen- 
tlemen tacked  onto  it  that  it  be  closed  for  five  years  with  the  exception  of 
those  who  have  a  commission,  or  license  to  go  on,  be  he  a  camper,  or 
picnicker,  or  anyone  else,  is  a  good  thing.  E#xclude  all  except  those  who 
are  duly  licensed  by  the  forest  commissioner  to  go  on. 

Mr.  Boothe. — ^Really,  all  we  can  do  is  to  express  an  opinion  of  the 
desirability  of  having  the  fires  reduced  to  a  minimum  by  such  means  as 
the  different  foresters,  under  the  law,  are  permitted  to  use.  That  is 
really  the  thing  which  they  can  do,  and  that  is  as  far  as  my  resolution 
carries  it.  As  a  matter  of  fact,  Mr.  Pinchot  is  quite  alive  to  all  these  mat- 
ters, and  if  he  knows  that  the  sentiment  of  this  community  will  support 
him,  he  will  go  just  as  far  in  the  direction  as  the  law  will  permit  him  to 
go;  and  that  is  the  reason  of  my  resolution. ' 

Mrs.  H.  W.  R.  Strong. — I  think  the  matter  of  the  destruction  of  the 
forest  reservation  is  largely  due  to  ignorance  on  the  part  of  the  people. 
This  Congress  should  strive  to  educate  the  people,  and  teach  the  common 
people  to  preserve  the  public  property.  I  think  that  will  be  of  great  value, 
of  more  value  than  closing  the  reservation.  We  should  educate  the  peo- 
ple to  look  after  the  people's  property. 

I  have  known  of  people  travelling  along  the  road  who  would  go  into 
a  grove  of  trees,  among  the  dry  limbs  and  twigs,  and  build  a  fire.  Now, 
nothing  in  the  world  could  make  people  do  that  except  ignorance.  This 
last  year  I  have  seen  with  my  own  eyes,  tiny  trees  eight  inches  high 
taken  by  campers  up  in  the  forest  reservation  and  brought  home.  They 
were  perfectly  delighted  to  show  the  number  of  varieties  of  trees  that  they 
had  brought  away  from  the  mountains  to  adorn  their  door-yards.  This 
is  due  to  ignorance,  and  will  probably  continue  until  the  people  are  edu- 
cated to  know  the  value  of  our  forest  reservations.    In  Ehirope  you  never 
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see  a  sign  in  a  public  park,  "Don't  pick  the  flowers."  People  protect  their 
own  property.  And  I  think  it.  is  largely  a  matter  of  ignorance  that  peo- 
ple build  these  fires,  and  the  general  public  ought  to  be  educated  that  the 
public  property  belongs  to  the  public,  and  that  each  one  has  the  re- 
sponsibilty  of  taking  care  of  it. 

The  Chairman. — I  didn't  hear  any  second  to  Mr.  Boothe's  substitute. 

(The  substitute  was  then  seconded  by  several.) 

(The  substitute  and  the  original  n>otions  were  then  read  by  the  re- 
porter.) 

Mr.  Mitchell. — I  didn'-t  intend  to  make  this  matter  ridiculous  and  I 
don't  think  I  did,  Mr.  Cuttle  to  the  contrary  notwithstanding.  We  have 
got  to  do  something,  and  I  think  my  motion  is  tha  best.  Hunters  are  al- 
ready excluded  from  the  reservations.  If  you  will  read  the  law  which  Con- 
gress passed,  and  which  the  President  signed  on  February  1st  last,  you 
will  find  that  those  classes  of  men,  including  m/iners,  prospectors  and 
others  lire  mentioned.  Therefore,  they  could  not  close  the  reservations 
to  anybody  who  is  permitted  by  law  to  be  upon  It.  The  resolution  that 
I  asked  you  to  pass  was  only  for  those  people  that  the  law  did  not  sanc- 
tion. My  idea  was  to  keep  out  those  who  were  going  there  for  curiosity 
and  not  for  business,  and  I  do  not  think  that  they  should  be  permitted  to 
go  there.  Those  were  the  ones  that  I  was  asking  «that  the  reservations  be 
closed  to. 

(The  substitute  motion  was  then  put  by  the  chair  and  carried  un- 
aminously.) 

Mr.  Mills. — ^I  move  you  that  we  instruct  the  Executive  Committee  of 
the  National  Irrigation  Association  to  take  up  the  matters  that  we  have 
discussed  and  call  into  -conference  with  them  all  boards  of  trade  and 
chambers  of  commerce  in  Southern  California,  Los  Angeles  as  well  as  the 
others,  and  to  take  such  action  as  is  necessary  to  get  legislation  advanc- 
ing our  interests  along  the  lines  here  discussed  today.  Let  us  do  ^some- 
thing.   Let  us  put  something  in  motion. 

Motion  seconded. 

(The  motion  was  put  and  carried.) 

Mr.  Boo  the. — I  would  like  to  offer  a  motion  that  the  chairman  of  this 
meeting  who  is  also  the  chairman  of  the  committee  which  arranged  for 
this  Congress  be  thanked  for  this  very  excellent  service  during  the  getting 
up  of  this  meeting  and  during  the  sessions  today,  and  include  in  this  mo- 
tion the  Secretary  and  I  will  put  the  motion. 

(The  motion  was  then  put  by  Mr.  Boothe  and  carried  unanimously.) 

The  congress  then  adjourned. 
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SURFACE  CONDITIONS  AND  STREAM  FLOW. 


Popular  opinion  for  years  has  been  that  floods  are  increasing  in 
frequency  and  duration  in  many  rivers  of  the  United  States.  Until 
within  a  year,  however,  there  had  been  no  careful  examination  of 
records  to  see  whether  or  not  the  popular  opinion  is  based  upon 
fact.  The  scientific  bureaus  of  the  Government  which  are  directly 
interested  in  the  matter  had  assumed  that  records  had  not  been  kept 
long  enough  on  any  river  to  show  a  change  in  the  conditions  of  flow. 

About  a  year  ago  it  was  thought  worth  while  to  look  into  the 
records  to  see  whether  any  changes  were  discernible.  The  results 
were  surprising.  It  was  found  that  in  many  of  the  streams  which 
take  their  rise  m  the  Appalachian  Mountains  there  has  been  a  steady 
increase  in  the  number  and  duration  of  floods  during  the  past  twenty 
or  thirty  years. 

Following  this  discovery,  a  very  general  study  was  made  of  the 
change  which  has  come  about  in  the  flow  of  a  number  of  important 
rivers  during  the  time  for  which  records  have  been  kept.  Both  the 
Geological  Survey  and  the  Forest  Service  have  securea  data  on  this 
subject,  and  the  results  warrant  the  statement  that,  unmistakably, 
floods  are  steadily  on  the  increase  in  some  of  our  most  important 
rivers.*  Particularlv  is  this  true  of  the  rivers  which  rise  in  the 
eastern  mountains.  The  increases  seem  to  be  greater  on  those  water- 
sheds where  the  condition  of  the  surface  has  been  the  most  changed. 
They  are  greatest  in  such  streams  as  the  Ohio,  Cumberland,  Wateree, 
and  Santee,  where  the  most  forest  has  been  destroyed,  and  least  on 
the  streams  where  forest  conditions  have  been  least  changed. 

It  is  true  that  in  certain  rivers  an  opposite  tendency  is  to  be  seen. 
Floods  have  decreased  and  low  waters  have  markedly  improved. 
But  a  full  inquiry  into  the  conditions  on  these  rivers  also,  as  will 
be  shown,  seems  to  prove  the  rule  that  there  is  the  closest  kind  of 
relationship  between  the  surface  conditions  of  a  watershed  and  the 
flow  of  water  through  the  stream  which  drains  it. 

The  following  table  gives  records  regarding  the  flow  of  10  im- 
portant rivers  of  the  Ijnited  States  on  which  careful  records  have 
been  kept  for  periods  ranging  from  sixteen  to  thirty-four  years : 

«  Water  Supply  Paper  234,  U.  S.  Geological  Survey.  Papers  on  the  Conservation 
of  Water  Resources;  Floods  in  tlie  United  States,  by  M.  O.  I^lghton,  Chief 
Hydro^rapher,  U.  S.  Geologicai  Survey. 
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SUBFACE  CONDITIOKS  AND  STBBAM  FLOW.  5 

THE  TEITDENCT  IS  TOWABD  IHCBEASED  FLOODS. 

• 

If  the  period  during  which  the  records  have  been  taken  on  each  of 
these  streams  be  divided  into  two  equal  parts  and  a  comparison 
be  made  of  flood  conditions  for  those  parts,  we  find  that  8  of  the 
10  rivers  show  greater  floods  in  the  last  half  than  in  the  first  half. 
The  8  rivers  which  show  increased  floods  are  the  Potomac,  at  Harpers 
Ferrv,  W.  Va. ;  the  Monongahela,  at  Lock  4,  Pennsylvania ;  the  Ohio, 
at  Wlieeling,  W.  Va. ;  the  Cumberland,  at  Burnside,'Ky. ;  the  Wateree, 
at  Camden,  S.  C. ;  the  Savannah,  at  Augusta,  Ga. ;  the  Allegheny,  at 
Freeport,  Pa.;  and  the  Tennessee,  at  Chattanooga,  Tenn.  All  of 
these  streams,  it  will  be  noted,  have  their  source  waters  in  the  Appa- 
lachian Mountains. 

On  the  Potomac  River,  for  which  measurements  are  given  for 
eighteen  years,  the  number  of  floods  during  the  first  half  of  the 
period  was  19 ;  during  the  second  half,  26 ;  while  the  number  of  days 
of  flood  in  the  first  half  was  38,  and  in  the  second  half,  57. 

On  the  Monongahela  River  measurements  are  given  for  twenty- 
two  years.  During  the  first  half  of  the  period  there  were  30  floods; 
during  the  second  half,  52.  The  number  of  days  of  flood  during  the 
first  half  of  the  period  was  55 ;  during  the  second  half,  100. 

On  the  Ohio  Kiver  measurements  are  given  for  twenty-six  years. 
During  the  first  half  of  the  period  there  were  46  floods;  during  the 
second  half,  59.  The  number  of  days  of  flood  during  the  first  half 
was  143 ;  during  the  second  half,  188. 

On  the  Cumberland  River  measurements  were  given  for  eighteen 
years.  During  the  first  half  of  the  period  there  were  32  floods; 
during  the  second  half,  43.  The  number  of  days  of  flood  during  the 
first  half  was  89 ;  during  the  second  half,  102. 

On  the  Wateree  River  measurements  have  gone  on  for  sixteen 
years.  In  the  first  half  of  the  period  the  number  of  floods  was  46; 
in  the  second  half,  70.  The  number  of  days  of  flood  in  the  first  half 
of  the  period  was  147;  in  the  last  half,  187. 

On  the  Savannah  River  measurements  have  continued  for  eighteen 
years.  During  the  first  half  of  the  period  the  number  of  floods  was 
47 ;  during  the  second  half,  58.  The  number  of  days  of  flood  during 
the  first  period  was  116  j  during  the  second  half,  170. 

On  the  Allegheny  River  measurements  are  given  for  thirty-four 
years.  During  the  first  half  of  the  period  there  were  39  floods; 
during  the  second  half,  53.  The  number  of  days  of  flood  during  the 
first  half  was  92;  during  the  second  half,  131. 

On  the  Tennessee  River  measurements  have  been  taken  for  thirty- 
four  years.  During  the  first  half  of  the  period  there  were  32  floods ; 
during  the  second  half,  33.  The  number  of  days  of  flood  during  the 
first  half  was  173;  during  the  second  half  (in  this  case  there  was  a 
f aUing-off ) ,  137. 

Mr.  M.  O.  Leighton,  chief  hydrographer  of  the  United  States  Geo- 
logical Survey,  has  during  the  past  year  made  an  elaborate  study  of 
the  floods  in  the  Tennessee  River.''  In  this  study  Mr.  Leighton  has 
isolated  so  far  as  possible  the  days  of  rain  storm  of  sufScient  magni- 

•Floods  In  the  United  States,  by  M.  O.  Leighton,  chief  hydrographer,  U.  S. 
CSeologlcal  Survey. 
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tilde  to  produce  floods,  and  on  this  basis  has  made  a  comparison  of 
the  floods  of  the  two  halves  of  the  period.  Although  the  number  of 
days  of  flood  was  less  during  the  last  half  of  the  period  than  during 
the  first  half,  Mr.  Leighton  shows  that  the  precipitation  decreased  in 
an  even  greater  degree.  The  results  of  this  close  analysis  show  that 
the  diminution  of  the  precipitation  has  been  more  than  sufficient  to 
account  for  the  diminution  of  the  floods.  The  natural  result  is  that 
in  proportion  to  the  rainfall,  floods  have  increased,  the  percentage  of 
increase  being  18.75  in  the  last  half  of  the  period  as  compared  with 
the  first  half.  This  study  is  undoubtedly  the  most  complete  and  au- 
thoritative that  has  ever  been  made  of  any  American  river,  and  it 
seems  conclusive. 

The  low-water  stages  of  a  river  are  never  a  safe  criterion  on  which 
to  judge  its  real  condition.  A  slight  change  in  the  bed  of  a  stream 
may  considerably  affect  the  low  stage  at  the  point  where  the  measure- 
ments are  taken,  though  the  real  condition  of  the  stream  may  not  be 
changed  in  the  least.  In  the  same  way  a  stream  may  actually  raise 
its  bed  by  silting,  and  thus  the  low-water  stage  may  be  increased 
while  the  actual  condition  is  worse  than  at  first.  A  study  of  the 
low-water  data  of  the  above  table  shows  that  intensified  low-water 
conditions  as  signified  by  the  measurements  do  not  correspond  in  all 
eases  with  intensified  flood  conditions.  Of  the  eight  streams  above 
referred  to,  four  show  apparently  intensified  and  four  apparently 
ameliorated  low- water  conditions.  But  for  the  reasons  just  statea, 
these  records  can  not  be  depended  upon  as  having  any  real  signifi- 
cance in  showing  the  actual  flow. 

The  constant  increase  in  the  frequency  and  duration  of  floods  in 
these  streams  appears  not  to  be  due  to  change  in  precipitation.  In 
two  cases  there  has  been  a  slight  increase  in  precipitation.  These  are 
on  the  Potomac  watershed,  where,  as  the  table  shows,  there  has  been 
on  the  average  1.16  inches  more  rain  in  the  second  half  than  in  the 
first  half  of  the  period.  On  the  Wateree  there  was  an  increase  of 
2.02.  On  all  of  the  other  watersheds  there  has  been  a  decrease  rang- 
ing from  0.90  of  an  inch  on  the  Monongahela  to  6.^  inches  on  the 
Tennessee.  It  is  thus  clear  that  while  floods  have  greatly  increased  in 
these  streams  the  tendency  has  been  toward  decreased  precipitation. 

While  the  record  is  given  for  only  eight  streams  which  show  in- 
creased floods,  it  must  not  be  understood  that  these  are  the  only 
streams  which  show  this  tendency;  rather,  they  are  examples — ^par- 
ticularly they  are  examples  of  streams  having  their  source  in  the 
Appalachian  Mountains.  They  have  been  given  because  their  records 
are  more  complete  and  longer  than  those  for  other  streams.  The 
records  of  most  other  streams  of  the  region,  so  far  as  they  are  suffi- 
cient to  show  a  tendency,  indicate  the  same  progressive  change  toward 
increased  floods.  For  example,  this  is  true  of  the  Alabama  River, 
of  the  Connecticut,  of  the  Muskingum,  and  of  the  Congaree. 

WHAT  HAS  CAUSED  INCREASED  FLOOD  CONDITIONS? 

Since  it  is  apparent  from  the  records  that  flood  conditions  have 
ffreatly  intensified  in  many  streams  during  the  past  two  or  three 
decades,  it  is  important  to  consider  the  possible  causes.  Several  fac- 
tors are  known  to  have  an  important  influence  upon  stream  flow. 
Chief  among  these  are  climate,  topography,  geology,  natural  or  artifi- 
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cial  reservoirs,  soil,  and  ground  cover.  Climate  must  be  understood 
as  embracing  precipitation  and  evaporation,  with  whatever  influ- 
ences them — ^notably  wind,  humidity,  temperature,  and  altitude. 
It  is  best  to  consider  precipitation  and  evaporation  separately,  for 
I       they  act  in  opposite  directions  and  produce  opposite  effects. 

!  PRECIPITATION. 

It  is,  of  course,  apparent  that  precipitation  must  modify  stream 
flow  in  a  vital  way,  oecause  no  water  can  flow  through  the  streams 
that  does  not  first  come  down  from  the  clouds.  The  amount  of  pre- 
cipitation varies  greatly  from  year  to  year.  The  amount  for  one 
year  may  be  twice  as  great  as  for  another  in  the  same  place,  and  at 
one  point  it  mav  greatly  exceed  or  fall  short  of  that  occurring  a  few 
miles  away.  While  varying  in  a  marked  degree  for  short  periods, 
precipitation  becomes  much  more  nearly  constant  through  a  long 
period. 

If  the  precipitation  had  correspondingly  increased  over  the  Ap- 
palachian Mountain  region,  then  it  could  be  said  that  the  greater 
and  more  frequent  floods  are  due  to  that.  But  the  figures  which 
are  given  show  that  on  only  two  of  the  eight  watersheds  mentioned 
in  the  table  has  there  been  any  increase,  and  there  by  small  amounts, 
while  in  the  other  six  there  has  been  a  decrease,  which  in  the  case  oi 
one  stream,  the  Tennessee,  amounts  to  an  average  of  6  inches.  The 
real  tendency  of  the  precipitation  over  these  basins  would  therefore 
be  to  decrease  flood  conditions.  Consequently,  we  must  conclude  that 
the  increased  flood  conditions  are  in  no  degree  due  to  precipitation. 

EVAPORATION. 

Taking  the  United  States  as  a  whole,  less  than  half  of  the  precipi- 
tation is  said  to  pass  through  the  rivers  to  the  sea;  the  other  part 
after  a  longer  or  shorter  period,  and  after  serving  one  purpose  or 
another  in  nature's  economy,  goes  back  to  the  air  through  evaporation, 
except  that  portion  which  flows  through  underground  courses  to 
the  sea. 

Evaporation  is  fundamentally  influenced  by  temperature,  air  pres- 
sure, wind,  and  humidity,  and  affects  in  a  vital  w-ay  both  the  regu- 
laritv  and  amount  of  run-off  of  the  streams.  The  Connecticut  and 
Wateree  rivers  have  about  the  same  average  annual  precipitation--45 
inches  per  year.  Of  this  amount  the  run-off  from  the  Connecticut 
watershed  is  29  inches;  from  the  Wateree  watershed  it  is  less  than 
18  inches.  The  difference  is  due  to  increased  evaporation  on  the 
Wateree,  where  the  temperature  averages  much  higher.  It  is  during 
the  prolonged  heated  periods,  which  are  often  dry  periods,  that 
evaporation  has  greatest  influence.  It  undoubtedly  anects  as  much  as 
any  other  factor  the  low-water  stages  of  the  streams,  jet  by  its  very 
nature  it  can  not  much  influence  floods,  because  they  rise  quickly  and 
are  never  of  many  days'  duration.  There  is  not  time  for  much  water 
to  evaporate.  Hence  we  can  put  aside  this  climatic  influence  just  as 
in  this  case  we  have  put  aside  precipitation.  We  must  look  elsewhere 
for  the  cause. 
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TEMPERATUKB. 

Temperature,  while  influencing  stream  flow  indirectly,  through 
evaporation,  also  influences  it  directly.  For  example  the  upper  water- 
shed of  the  Monongahela  River,  in  West  Virginia,  may  be  considered : 

It  is  February,  and  there  have  been  several  weeks  of  cold  weather; 
the  ground,  which  is  bare  of  snow,  is  frozen  solid.  There  comes  a 
heavv  fall  of  snow,  or  perhaps  several,  bringing  the  snow  cover  to  a 
depth  of  12  to  18  inches.  W  ithin  a  few  days  the  weather  moderates 
and  a  prolonged  rainy  period  follows.  The  first  rain  is  caught  by  the 
snow  and  little  escapes.  But  as  it  continues  to  come,  it  melts  the 
snow  so  that  the  water  from  the  snowfall  and  the  rainiall  is  concen- 
trated upon  the  surface  at  one  time.  If  the  ground  were  not  frozen, 
much  of  it  could  be  absorbed  and  distributed  downward,  but  in  the 
case  we  have  assumed  the  earth  is  frozen  solid,  so  that  no  water,  or 
at  least  but  little,  can  be  absorbed.  The  whole  volume  is  liberated  on 
the  surface  and  races  away  from  the  smaller  streams  to  the  larger,  and 
at  last,  gathering  in  immense  quantity,  it  overtaxes  the  channel  of 
the  main  river  and  inundates  the  entire  valley.  It  is  tiiis  condition 
of  rain,  snow,  and  temperature  operating  together  which  brings  about 
some  of  the  greatest  noods.  A  flood  resulting  from  such  a  cause  is 
not  likely  to  occur  more  than  once  a  year  in  any  stream,  and  several 
years  may  pass  without  flood  on  a  given  watershed  from  this  combi- 
nation of  causes.  It  can  not  be  said  that  floods  from  this  cause  show 
any  progressive  change,  and  consequently  we  can  not  ascribe  to  this 
cause  the  increased  flood  conditions  in  the  rivers  now  under  coq- 
sideration. 

topography  and  geology. 

A  region's  topography  largely  influences  its  run-off.  Steep  slopes 
and  sharp  ridges  3iea  water  quickly.  A  flat  surface  causes  it  to  flow 
away  more  slowly. 

Likewise,  geolo^  has  a  great  deal  to  do  with  the  drainage  of  any 
region.  When  rain  has  faflen  and  has  passed  through  the  soil  cover 
and  the  soil  it  comes  in  contact  with  the  rocks  which  lie  beneath.  In 
obedience  to  gravity  it  will  penetrate  as  deeply  as  possible.  Consid- 
ering the  depth  to  which  it  can  go  and  the  quantity  in  which  it  can 
be  stored,  the  earth  forms  a  great  storage  reservoir  which  tends  on 
most  watersheds  to  have  a  strong  influence  toward  steadiness  in  the 
flow  of  streams.  While  top(^raphy  and  geology  are  important  fac- 
tors in  considering  the  amount  and  character  of  run-off  when  one 
stream  is  compared  with  another,  they  are  of  no  consequence  when 
one  is  considering  the  condition  in  the  same  stream  during  two  differ- 
ent periods,  because  they  are  subject  to  no  appreciable  variation. 
Both  the  topography  and  the  geology  of  any  given  stream  may  be 
said  to  be  constant,  and  so  are  not  of  importance  in  considering  what 
has  caused  a  changed  condition  of  flow  in  any  particular  stream. 

NATURAL  AND  ARTIFICIAL  RESERVOIRS. 

Some  streams  have  on  their  watersheds  great  lakes  which  gather 
and  hold  immense  volumep  of  water.  A  good  example  is  the  Merri- 
mac  River.  On  one  of  its  important  tributaries  is  tnat  fine  body  of 
water,  Lake  Winnepesaukee ;  on  another  is  Squam  Lake,  and,  in 
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addition,  there  are  many  smaller  ones.  Every  natural  reservoir  of 
this  kind  tends  to  equalize  the  flow  of  the  stream  it  feeds,  because 
when  its  level  is  rising  it  is  gathering  in  storage  to  pay  out  gradually 
the  water  which  would  otherwise  run  off  at  once.  Moreover,  on 
many  of  the  lakes,  especially  on  those  in  New  England,  dams  have 
been  built  at  the  outlets.  By  this  means  the  water  of  the  whole 
surface  has  been  increased  a  number  of  feet  in  depth.  In  dry  times 
when  it  is  needed  this  water  is  emptied  out.  A  large  portion  is  thus 
taken  off  of  the  crest  of  each  flood  and  added  to  low  waters.  Then, 
too,  men  may  construct  reservoirs  where  there  were  none  before.  It 
is  considerea  feasible  in  some  streams  to  construct  such  extensive 
reservoir  systems  as  to  store  a  large  part  of  the  flood  waters.  If  this 
can  be  done,  the  flow  of  the  streams  can  be  made  for  all  practical 
purposes  even  throughout  the  year. 
Ir  at  the  headwaters  of  the  rivers  under  consideration  in  this 

Saper  there  had  been  great  lakes  or  swamps  which  had  been  drained 
uring  the  period  under  consideration,  it  might  well  be  said  that  the 
influence  of  that  action,  would  be  sufficient  to  cause  a  difference  in  the 
run-off  of  the  streams.  But,  except  in  the  case  of  the  Wabash,  there 
have  been  no  changes  of  this  character.  There  are  on  these  streams 
no  important  natural  lakes,  and  no  reservoirs  of  great  extent  have 
been  developed.    Consequently,  this  factor  also  is  insignificant. 

SOIL. 

Though  the  topography  and  geology  of  a  watershed  change  too 
slowly  to  be  readirjr  observed,  there  are  other  factors  in  which 
changes  may  be  rapid,  radical,  and  of  great  importance.  One  such 
factor  is  soil.  The  soil,  when  considered  as  a  lactor  in  controlling 
run-off,  is  a  complicated  and  delicate  apparatus.  It  works  admirably 
when  in  good  condition,  but  it  is  easily  deranged  and  is  liable  to 
severe  and  fundamental  injury,  by  which  its  action  on  storm  water 
may  be  lessened  or  almost  entirely  destroyed.  Mistreatment  fre- 
quently produces  results  of  a  Ferious  nature  in  the  drainage  of  a 
watersned. 

The  mineral  soil  is  composed  of  disintegrating  rock  that  has  broken 
down  by  the  slow  process  of  weathering.  Deep  mineral  soils,  if  they 
have  not  accumulated  from  transported  materials,  represent  a  long 
period  of  rest,  during  which  the  surface  has  been  free  from  erosion, 
while  the  disintegrating  rock  beneath  has  added  little  by  little  to  the 
depth.  Upon  the  mineral  base,  and  more  or  less  mixed  with  it,  is 
the  humus,  which  owes  its  existence  to  organic  matter  mostly  vege- 
table, which  has  decayed  and  added  the  accumulated  remnants  to 
the  mineral  soil.  Humus  vastly  increases  a  soil's  capacity  to  absorb 
and  store  water. 

The  important  work  which  soil  performs  in  regulating  the  run-off 
for  a  region  is  easily  understood.  If  the  soil  is  present  in  sufficient 
quantity  and  good  condition,  that  is,  is  porous  ana  well  supplied  with 
humus,  it  reaaily  absorbs  storm  water  at  the  surface  and  passes  it  on 
downward  through  the  underlying  rocks  and  strata.  Although  these 
rocks  themselvas  change  but  little,  their  storage  of  water  is  regulated 
by  the  soil  and  varies  with  its  changes.  If  the  soil  is  hardened  or 
removed,  the  amount  of  water  which  can  be  taken  in  is  correspond- 
ingly reduced  and  the  amount  which  is  thrown  off  over  the  surface 
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into  the  streams  correspondingly  increased.  A  watershed  without 
soil  or  with  a  soil  which  does  not  readily  perform  its  normal  func- 
tions, results  in  erratic  streams,  which  are  usually  agents  of  destruc- 
tion rather  than  of  use.  The  consideration  of  the  flow  of  any  stream 
should  therefore  take  particular  note  of  the  soil  and  of  the  changes 
in  its  capacity  for  water  storage. 

GROUND   COVEB. 

Scarcely  separable  from  the  soil  itself  is  another  factor  of  equal 
or  greater  importance  in  the  disposition  of  water.  This  is  the  ^ound 
cover,  or,  to  speak  of  it  more  particularly,  the  condition  of  the  sur- 
face of  the  ground ;  that  is,  whether  it  is  barren  rock  or  clay,  pasture 
land,  cultivated  land,  or  forest. 

The  condition  of  the  surface  does  not  influence  very  much,  so  far 
as  known,  the  amount  of  water  which  falls.  It  is  claimed  by  s<Hne 
that  the  precipitation  is  greater  in  the  forest  than  on  unforested  land, 
and  the  ngures  given  in  the  table  at  the  beginning  of  this  paper  seem 
to  indicate  a  tendency  toward  lessened  precipitation  on  those  water- 
sheds which  will  presently  be  shown  as  having  a  decreased  forest 
area.  However,  it  is  not  intended  at  present  to  lay  any  stress  upon 
that  point.  If  the  influence  of  the  Various  factors  which  aif ect  stream 
flow  have  been  correctly  stated,  none  of  them  is  sufficient  to  have 
caused  the  increased  floods.  The  natural  conclusion  is  that  the  in- 
crease must  be  due  to  changes  in  the  ground  cover,  or  to  the  ground 
cover  in  conjunction  with  changes  in  the  soil.  Is  the  influence  of 
the  ground  cover  and  of  the  soil  sufficient  to  have  caused  the  results? 

It  is  generally  agreed  by  those  who  have  studied  the  subject  most 
thoroughly  that  the  forest  offers  the  best  conditions  for  absorption 
and  underground  storage.  Next  to  the  forest  comes  well-cultivated 
farm  land;  then  meadow  and  pasture  land;  while  the  worst  condi- 
tions of  all  are  to  be  found  on  barren  surfaces  of  stone,  clay,  or  gravel, 
which  because  of  infertility  are  unable  to  support  growth  of  any  kind. 

The  reasons  why  the  forest  offers  the  best  conditions  for  absorption 
and  ground  storage  are  several.  It  does  so,  in  the  first  place,  because 
the  foliage  of  the  trees  forms  a  storage  place  from  which  water  drips 
slowly  to  the  ground  for  a  considerable  length  of  time  after  each 
rain ;  because  the  complex  layer  of  brush,  leaves,  weeds,  mosses,  and 
vines,  all  in  a  more  or  less  advanced  stage  of  decay,  becomes  filled 
with  moisture  with  each  heavy  rain  and  nolds  it  for  a  considerable 
time;  because,  also,  the  surplus  water  so  stored  continues  to  be  ab- 
sorbed by  the  upper  humus-filled  layers  of  earth;  because,  further, 
the  temperature  is  lower  and  the  air  more  humid  in  the  forest  than 
in* the  open;  finally,  because  the  snow  lies  there  much  longer.  To 
these  reasons  must  be  added  the  mechanical  power  of  the  roots  to  go 
deep  into  the  soil  and  break  up  the  rocks,  thus  forming  channels  for 
the  ready  entrance  of  water  into  the  earth. 

On  a  level  or  slightly  inclined  surface  a  well-tilled  soil  may  be  as 
effective  in  absorbing  and  holding  water  as  a  forest  soil.  Where  the 
slope  exceeds  10  per  cent,  cultivation  does  not  long  go  on  before 
erosion  sets  in,  and  erosion  if  unchecked  will  remove  the  soil  and 
milly  the  surface  until  all  fertility  has  gone  and  all  protective  power 
IS  lost.    Agriculture  under  right  conditions  may  be  an  effective  means 

[Clr.  1761 


8UBPACB  CONDITIONS   AND  STREAM  FLOW.  11 

of  stream  protection ;  under  wrong  conditions  it  may  be  the  greatest 
menace  to  the  even  flow  and  usefulness  of  the  streams. 

THE  PBIHCIFAL  CATTSBS  OF  INCBEASED  FLOODS. 

Undoubtedly  it  is  the  clearing  away  of  the  forest  on  the  moun- 
tainous watersheds  of  the  streams  which  have  been  described  that  has 
caused  the  great  increase  in  frequency  and  duration  of  floods. 

It  is  a  known  fact  that  the  forests  on  these  several  watersheds  have 
been  cut  away  with  great  rapidity  during  the  past  thirty  years. 
Euroi>ean  conditions  probably  offer  no  parallel  to  the  rate  at  which 
these  watersheds  have  been  cleared  to  make  way  for  the  rapid  ad- 
vance of  agriculture  and  to  supplj^  the  great  manufacturing  industries 
with  the  wood  which  they  require.  Forest  lands,  whicm  offer  the 
best  possible  conditions  for  soil  absorption  and  underground  storage, 
those  great  regulators  of  stream  flow,  have  been  changed  to  poorly 
tilled  agricultural  lands,  which  are  not  so  good.  Then  these  agri- 
cultural lands  after  a  few  years  have  been  exhausted  and  their  soil 
eroded  into  deep  gullies.  Finally,  many  of  them  have  been  turned 
into  pasture  or  even  entirely  abandoned  because  they  reached  a  condi- 
tion where  they  could  not  support  even  a  growth  of  grass  and  weeds. 
The  best  condition  has  been  cnanged  to  the  very  worst  condition. 

Again,  repeated  burning  of  forest  lands  has  tended  to  reduce  the 
thickness  and  value  of  the  ground  cover  and  to  lessen  the  power  of 
the  soil  to  absorb  and  to  store  water.  The  extent  of  damage  from 
fire,  so  far  as  water  storage  is  concerned,  is  generally  vastly  under- 
estimated. A  forest  fire  strikes  both  above  and  below  the  surface. 
It  injures  or  kills  the  trees,  destroys  the  undergrowth  and  brush,  and 
consumes  the  great  forest  sponge — ^the  ground  cover  and  the  humus. 
The  extent  of  the  injury  is,  of  course,  not  always  the  same.  It  is 
sometimes  slight ;  sometimes  very  great.  Repeatea  fires  tend  to  every 
kind  of  injury  that  can  possibly  be  inflictea  upon  a  forest  soil,  com- 
pletely destroying  the  cover  down  to  the  mineral  substances,  and  thus 
rendering  it "  defenseless  against  the  attacks  of  erosion.  When  that 
stage  is  reached,  it  may  be  depended  upon  that  the  run-off  of  the 
watershed  has  been  profoundly  affected  and  the  regimen  of  the 
stream  materially  changed.  The  fact  that  forest  fires  have  repeatedly 
swept  over  the  watersheds  of  the  streams  under  consideration  makes 
it  easy  to  believe  that  this  factor,  combined  with  the  clearing  away 
of  the  forest  for  agricultural  purposes,  has  been  the  chief  cause  of 
the  intensified  flood  conditions  which  the  records  now  disclose. 

THE  VITAL  PABT  OF  A  WATEBSHED. 

Considering  the  streams  which  drain  the  mountain  regions,  the 
most  vital  parts  of  the  watersheds  are  the  highest  parts.  It  is  there 
that  precipitation  is  the  heaviest,  slopes  the  steepest,  and  the  whole 
sum  of  conditions  most  influential.  Therefore,  so  far  as  stream  flow 
is  concerned,  the  mountains  are  the  portion  which  should  be  given 
the  most  judicious  care.  It  is  on  the  mountains  that  the  best  condi- 
tion of  soil  and  ground  cover  should  be  maintained.  As  the  best 
Eound  cover,  as  has  already  been  explained,  is  the  forest,  it  is  to  the 
nefit  of  the  streams  that  the  mountains  should  be  kept  densely 

IClr.  1761 


12  SUBFACE  CONDITIONS  AND  STREAM  FLOW. 

forested,  in  order  that  the  conditions  for  the  absorption  and  retention 
of  moisture  may  be  as  nearly  as  possible  ideal.  Under  such  conditions 
the  course  of  the  moisture  will  be  one  of  continual  interference  from 
the  time  it  reaches  the  crowns  of  the  trees  till  it  is  in  the  stream. 
Every  obstruction  that  can  be  placed  in  the  way  of  the  water  aids  by 
that  much  the  even  flow  of  tne  rivers.  Under  perfect  forest  con- 
ditions it  is  well-nigh  impossible  for  any  surface  run-off  to  take  place. 
The  rain  first  comes  into  contact  with  the  crowns  of  the  trees,  and 
the  drops  are  broken  more  or  less  into  spray.  Some  of  the  intercepted 
water  runs  down  the  trunks  or  drips  from  the  branches.  That  wnich 
escapes  interception  by  the  trees  encounters  the  undergrowth  and 
brusn  immediately  above  the  ground  and  is  intercepted  and  retarded. 
As  the  water  continues  to  make  its  way  downward  the  ground  litter 
offers  the  next  obstacle.  The  water  is  caught  up  by  the  litter,  and 
not  until  this  has  become  saturated  can  the  water  pass  on.  If  the 
rain  continues  for  some  time  the  litter  becomes  fiUea  to  its  capacity, 
and  then  the  humus  begins  to  absorb  the  water  which  the  litter  can 
not  hold.  After  a  time  it,  too,  becomes  saturated.  The  water  then 
^adually  filters  into  and  through  the  underlving  soil.  If  this  is  deep 
it  stores  water  in  large  quantity  and  then  allows  the  surplus  to  pass 
to  still  CTeater  depths,  where  it  finally  penetrates  the  rock  strata 
and  replenishes  tne  great  underground  reservoir,  from  which  it 
emerges  later  as  springs,  some  of  which  may  be  far  removed,  even 
on  the  opposite  side  or  the  mountain,  from  the  place  where  it  has 
come  in  contact  with  the  ground.  If  the  precipitation  is  in  the  form 
of  snow  its  course  is  substantially  the  same,  but  with  a  still  greater 
delay  in  passing  through  the  litter  and  entering  the  soil.  The  period 
that  may  elapse  between  the  fall  of  rain  and  the  appearance  of  water 
in  a  river  varies  from  minutes  to  months  or  even  years. 

Even  with  the  best  regulated  system  of  checking  and  storing  the 
rainfall  a  condition  may  arise  where,  to  a  large  extent,  the  effect  of 
obstruction  and  storage  in  a  forest  may  temporarily  be  lost.  Severe 
and  prolonged  freezing  may  result  in  a  sheet  of  ice  in  and  over  the 
upper  soil,  which  prevents  the  entrance  of  water,  and  whatever  falls 
in  the  form  of  rain  must  at  once  run  off  into  the  streams.  Many 
rivers  experience  their  worst  floods  when  their  drainage  basins  are 
frozen.  On  account  of  this  condition  it  is  impossible  to  claim  that 
extreme  floods  will  not  come  in  a  stream  with  a  forested  watershed. 
Fortunately  the  condition  arises  but  seldom. 

In  such  cases  the  conditions  are  similar  to  what  they  would  be  were 
the  covering  of  the  soil  removed.  The  disastrous  floods  which  come 
once  or  twice  in  a  generation  when  heavy  rains  descend  upon  snow 
and  frozen  ground  would  probably  be  duplicated  or  surpassed  yearly, 
or  several  times  a  year,  were  the  soil  stripped  from  the  mountain 
regions.  The  heavy  rains  of  summer  which  now  fall  upon  a  dense 
vegetation  and  hardly  affect  the  larger  rivers  would  then  produce 
destructive  floods. 

A  COMPARATIVE  STUDY  OF  WATEBSHEB  CONDITIONS. 

The  table  on  a  preceding  page  gives  data  regarding  the  flow  of  10 
important  rivers  of  the  United  States.  It  has  not  been  possible  to 
obtain  for  each  watershed  a  record  of  the  changes  which  are  believed 
to  be  responsible  for  the  increased  flood  conditions  which  the  record 
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shows.     It  has  been  possible  to  make  a  detailed  study  of  parts  of 
the  watersheds  of  two  of  the  streams,  the  Cumberland  and  the  Red. 

A  WATERSHED  WHERE  CONDITIONS  HAVE  QBOWN  WOBSE. 

The  Cumberland  River  is  a  good  example  of  how  conditions  have 
changed  for  the  worse  on  some  of  these  watersheds. 

The  drainage  area  of  the  Cumberland  River  above  Burnside,  Ky., 
comprises  3,739  square  miles  and  lies  in  the  heart  of  the  Cumberland 
Mountains.  The  figures  given  in  the  table  show  that  floods  have 
increased  in  the  Cumberland  River  at  Burnside,  Ky.,  in  number 
from  32  in  the  first  half  to  43  in  the  second  half,  and  in  duration  from 
89  days  in  the  first  half  to  102  days  in  the  second  half,  while  low 
waters  have  increased  in  times  from  61  in  the  first  half  to  65  in  the 
second  half,  and  in  days  from  1.261  in  the  first  half  to  1.576  in  the 
second  half. 

The  removal  of  the  forest  on  this  watershed  is  progressing  from 
three  causes:  (1)  Clearing  for  agriculture;  (2)  lumber  operations; 
(3)  fires. 

In  1890,  when  these  measurements  were  begun,  21  per  cent  of  the 
watershed  above  Burnside  was  cleared ;  in  1908  the  cleared  area  had 
grown  to  32  per  cent.  During  the  eight  years  from  1900  to  1908 
clearing  of  forest  for  agricultural  purposes  went  on  on  this  water- 
shed at  the  average  .rate  of  five-eignths  of  1  per  cent  per  year. 

The  total  stand  of  timber  on  this  part  of  the  Cumberland  water- 
shed is  6,212,531,000  board  feet.  It  is  being  cut  away  by  lumbering 
alone  at  the  rate  of  4  per  cent  a  year.  These  figures  show  that  timber 
is  disappearing  on  account  of  lumber  operations  eight  times  as  fast 
as  it  is  removed  to  clear  land  for  farming  purposes.  In  other  words, 
supposing  that  lumbermen  would  cut  clear  as  they  go,  8  acres  would 
be  stripped  for  timber  to  1  cleared  for  agriculture.  The  forest  is 
not  being  cut  clear.  Instead, , the  lumberman  is  going  over  it  time 
after  time,  picking  out  the  particular  kinds  or  classes  of  timber  that 
he  wants.  First,  he  took  the  walnut  and  cherry ;  next,  the  white  oak 
and  poplar;  now  he  is  taking  the  chestnut  and  other  kinds  of  oak. 
At  the  present  time  few  tracts  can  be  found  from  which  one  or  more 
of  the  valuable  timbers  have  not  been  culled.  Other  tracts  have  been 
stripped  of  nearly  their  entire  growth. 

At  intervals  of  from  one  to  five  or  six  years  fires  run  through  the 
woods  on  the  hills  and  mountains  where  the  Cumberland  River  has 
its  source.  The  fires  are  more  frequent  and  destructive  in  districts 
where  part  of  the  timber  has  been  cut  and  the  refuse  left  on  the 

Sound.  The  dry  ridges  burn  oftener  than  the  coves,  because  the 
tter  are  sometimes  too  damp  for  burning.  In  times  of  prolonged 
drought,  however,  fires  run  through  the  ravines  and  coves  where  the 
densest  growth  is  found.  The  fires  are  usually  slow,  and  the  damage 
to  mature  timber  is  not  great,  but  the  injury  to  the  young  growth  is 
frequently  excessive,  and  soil  damage  is  serious.  As  a  rule  all  seed- 
lings and  sprouts  less  than  4  or  5  feet  high  are  killed,  and,  since  fires 
come  at  intervals  so  frequent  that  the  young  growth  can  not  attain 
a  size  above  that,  a  large  part  of  what  would  be  the  future  forest,  as 
well  as  the  present  ground  cover,  is  destroyed.  The  surviving  stand 
thus  becomes  thinner  year  by  year,  since  it  can  not  be  replenished  by 
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young  growth,  and  since  the  mature  trees  are  steadily  falling  by 
natural  decay  or  by  the  ax. 

Though  the  fires  are  slow  and  small,  they  burn  the  leaf  cover  and 
the  upper  layers  of  humus  at  each  visitation.  This  removes  or  injures 
the  porous  surface,  one  of  whose  essential  functions  is  to  arrest  the 
storm  water  falling  upon  the  slopes  and  afford  it  an  opportunity  to 
sink  into  the  ground.  With  the  packing  of  the  surface,  after  the 
litter  and  humus  have  been  burnea  awav,  the  water  flows  down  the 
slopes  and  quickly  reaches  the  streams,  wnere,  if  in  sufficient  quantity, 
it  produces  flood  conditions.  Low  water  follows,  because  me  hard 
CTound  is  able  to  take  in  but  little  of  the  storm  water  to  be  paid  out 
slowly  afterward.* 

The  behavior  of  the  Cumberland  River  shows  a  direct  and  positive 
relation  between  the  nin-off  and  the  changed  condition  of  the  surface. 
The  changes  due  to  agriculture  and  lumbering  can  be  definitely  stated, 
but  the  extent  and  eflfect  of  forest  fires  are  not  subject  to  exact  calcula- 
tion. Yet  undoubtedly  all  of  these  influences  are  active  in  producing 
the  results  as  shown  in  the  flood  and  low  water  records  at  Burnside. 
It  is  impossible  that  these  results  should  be  due  to  rainfall,  because 
the  rainfall  was  approximately  10  per  cent  less  in  the  second  half  of 
the  period.  Since  no  other  influences  could  have  produced  the  result, 
there  is  no  conclusion  possible  other  than  that  the  progressive  floods 
and  low  waters  have  been  due  to  the  changes  accomplished  on  the 
surface  of  the  watershed. 

A  WATEBSHED  WHERE  CONDITIONS  HAVE   GBOWN  BETTEB. 

The  fact  that  man  by  his  operations  may  decidedly  change  the 
regimen  of  a  river  is  shown  not  alone  by  those  streams  whose  flow 
has  been  influenced  by  clearing  away  the  forest.  It  is  shown,  on  the 
other  hand,  by  streams  whose  watersheds  of  prairie  soil  compacted  for 
ages  by  the  trampling  of  buffalo,  and  more  recently  by  cattle  of  the 

^A  more  definite  statement  regarding  the  damage  to  hnmus  by  fire  may  be 
made  for  the  upper  watershed  of  the  Potomac  River.  In  Water-Supply  Paper, 
No.  192,  the  IT.  S.  Geological  Survey  shows  that  838  square  miles  of  the  forest 
of  this  watershed  had  been  so  severely  burned  by  repeated  fires  as  to  completely 
or  almost  completely  destroy  the  humus.  Other  tracts  aggregating  twice  that 
area  had  their  soil  severely  damaged,  but  not  to  the  point  of  complete  destruc- 
tion of  the  humus.  Considered  together,  these  burned-over  lands  have  an  area 
of  over  2,500  square  miles,  or  27  per  cent  of  the  drainage  basin  above  the  point 
of  measurement.  Assuming  that  the  humus  of  the  uninjured  forest  soil  of  the 
Potomac  basin  would  hold  back  for  absorption  2  inches  of  water,  and  assuming 
that  with  the  humus  damaged  as  in  this  case  the  capacity  of  the  soil  for  re- 
ceiving  water  is  lessened  one-half,  then  1  inch  will  be  held  instead  of  2  Inches, 
as  formerly.  In  an  area  of  2,500  square  miles,  the  inch  of  water,  which  for- 
merly was  absorbed  but  now  flows  away  quickly,  amounts  to  about  6,000,000,000 
feet.  During  a  heavy  rain  that  quantity  of  water  in  excess  of  what  would  flow 
off  quickly  before  would  go  at  once  to  the  streams. 

The  rating  table  for  the  Potomac  at  Point  of  Rocks,  where  the  measurements 
were  made,  shows  that  when  the  river  is  at  a  lO-foot  stage  61,000  cubic  feet  of 
water  pass  per  second.  The  6,000,000,000  cubic  feet  of  extra  flood  water  from 
the  burnt  forest  is  therefore  sufficient,  without  a  gallon  from  other  parts 
of  the  basin,  to  maintain  a  10-foot  stage  at  Point  of  Rocks  for  thirty  hours. 
The  effwt  on  succeeding  low-water  stages  is  a  logical  one.  There  is  simply 
6,000,0()0,(KN)  cubic  feet  less  of  stored  water  to  come  gradually  after  the  rains 
cease. 
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great  ranches  of  the  West,  have  been  to  a  large  extent  brought  under 
cultivation. 

A  stream  which  shows  this  tendency  in  an  unmistakable  way  is 
the  Red  River,  which  forms  the  bounaary  for  many  miles  between 
Texas  and  Oklahoma.  On  this  stream  records  of  flow  are  available 
for  sixteen  years.  The  number  of  floods  in  the  first  half  of  this 
period  was  19 ;  in  the  second  half,  16.  The  number  of  days  of  flood 
in  the  first  half  was  87 ;  in  the  second  half,  60.  Considering  also  the 
low-water  periods  of  this  river,  we  find  that  in  the  first  half  of  the 
period  there  were  49  periods  or  low  water ;  in  the  second  half  there 
were  8.  In  the  first  half  the  duration  of  low  water  was  826  days ;  in 
the  second  half,  208  days.  A  falling  off  in  the  rainfall  occurred  on 
this  watershed,  there  being  1.94  inches  less  water  per  year  in  the 
second  than  in  the  first.  Its  drainage  basin  is,  and  has  been  during 
the  time  of  its  known  history,  practically  without  forests,  only  1  acre 
in  10  being  forested.  In  that  respect  it  differs  from  all  eastern  and 
maiw  western  rivers  whose  basins  are  more  extensively  forest  covered. 

Wny  has  the  Red  River  constantly  changed  its  flow  toward  steadi- 
ness and  uniformity,  while  many  other  rivers  have  changed  in  exactly 
the  opposite  direction?  The  area  of  the  Red  River  drainage  basin 
above  Arthur  Citv,  Tex.,  where  the  records  were  made,  is  40,200 
square  miles,  divided  almost  equally  between  Oklahoma  and  Texas. 
In  this  river,  as  in  those  before  mentioned,  the  geology  and  topog- 
raphy have  not  changed.  The  precipitation  has  changed  consider- 
ably in  the  direction  of  lessened  rainfall,  but  not  enough  to  account 
for  the  record.  In  soil  conditions,  and  especially  in  the  condition  of 
the  surface,  however,  the  change  has  been  marked.  At  the  beginning 
of  the  period  of  measurement,  in  1890,  the  country  was  for  the  most 
part  occupied  by  large  ranches.  The  native  prairie  sod  had  never 
Deen  broken  up. 

On  the  part  of  the  watershed  lying  in  Texas  there  had  been  some 
settlement  at  an  early  date,  but  as  late  as  1900  no  more  than  12  per 
cent  of  the  Texas  part  of  the  watershed  had  been  improved.  In  the 
Oklahoma  part  of  the  basin,  in  the  same  year,  the  improved  portion 
was  16  per  cent.  Development  began  most  extensivelv  about  1900. 
In  southwestern  Oklahoma,  in  that  portion  drained  by  tlie  Red  River, 
it  was  stimulated  by  the  opening  of  Indian  reservations  to  settlement. 
The  Cheyenne,  the  Arapanoe,  and  the  Wichita  lands  were  opened,  it 
is  true,  in  1890,  but  the  real  opening  of  the  country  to  settlers  came 
in  1901,  when  the  Comanche,  the  Apache,  and  other  Indian  lands 
were  opened,  aggregating  over  10,000  square  miles,  or  more  than  one- 
fourth  of  the  entire  Red  River  basin  above  Arthur  City.  Another 
tract  of  over  8,000  square  miles,  the  Choctaw  and  Chickasaw  lands, 
began  its  development  about  the  same  time.  A  summary  of  these 
fibres  shows  that  in  1908  the  Red  River  basin  in  Oklahoma  had 
10,200  square  miles  of  improved  land,  instead  of  3,284  square  miles  in 
1900.  Statistics  are  not  complete  for  the  Texas  portion  of  this  basin 
but  the  Texas  portion  has  developed  at  about  tlie  same  rate  as  the 
Oklahoma  part.  It  is  probable  that  the  whole  Red  River  basin  above 
Arthur  City,  in  Texas  and  Oklahoma,  had  40  per  cent  of  its  land  un- 
der improvement  in  1908,  instead  of  14  per  cent  eight  years  earlier. 

The  results  which  have  appeared  in  the  form  of  change  of  the  flow 
in  the  Red  River  are  precisely  what  ought  to  be  expected  from  the 
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changes  in  surface  conditions.  Theoretically,  such  results  should 
appear,  and  as  a  matter  of  fact,  they  have  appeared.  The  hardened 
prairie  soil  has  been  broken  up  and  changed  into  cultivated  fields 
over  40  per  cent  of  the  area,  and  thereby  me  absorptive  capacity  of 
the  soil  has  been  much  increased.  Over  the  remainder  prairie  fires 
have  been  kept  out  and  better  growth  of  grass  securea.  The  ex- 
tensions of  cultivation  and  the  improvement  of  the  grass  land  has 
tended  to  equalize  the  flow  of  this  river.  The  river's  behavior  has 
become  better  as  the  area  of  wild  land  has  decreased.  In  other  words,— 
wild,  barren  land,  being  the  worst  condition  for  the  protection  of  a 
watershed,  and  cultivated  farm  lands  being  next  to  forests  the  best 
condition,  the  change  of  a  large  part  of  the  watershed  from  the  worst 
condition  to  the  next  to  the  best  condition  has  brought  about  this 
result.. 

The  same  law  is  thus  seen  to  work  on  both  the  Cumberland  and 
the  Red  River  watersheds,  but  in  different  directions.  On  the  Cum- 
berland, as  the  watershed  changes  from  the  forest  (the  best  condition 
for  stream  protection)  to  farm  land,  to  pasture  land,  and  even  to 
barren  condition  (the  very  worst  condition  for  absorption),  the  flow 
of  the  river  is  made  more  extreme,  both  as  to  floods  and  low  waters. 
On  the  Red  River  watershed,  beginning  with  a  wild,  almost  barren, 
compacted  surface,  cultivation  has  changed  the  condition  to  that  or 
permeable  farm  lands,  which,  next  to  forests,  offer  the  best  conditions. 
These  two  extremes  exemplify,  therefore,  in  different  directions,  the 
working  of  the  same  law — ^that  there  is  a  vital  relation  between  the 
condition  of  the  surface  of  the  watershed  and  the  manner  of  flow 
of  the  stream  which  drains  it. 

Approved : 

James  Wilson,  Se(rretary  of  Agriculture. 

Washington,  D.  C,  November  26^  1909. 
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On  March  4,  1907,  Congress  passed  the  following  provision  in  con- 
nection with  the  Agricultural  appropriation  bill: 

Survey  of  and  report  on  Appalachian  and  White  MouTitainwaterghedi. — To  enable  the 
Secretary  of  Agriculture  to  examine,  survey,  and  aacartain  the  natural  conditions  of 
the  watersheds  at  and  near  the  sources  of  the  various  rivers  having  their  sources 
in  the  Southern  Appalachian  Mountains  and  the  White  Mountains,  and  to  report 
to  Congress  the  area  and  natural  conditions  of  said  watersheds,  the  price  at  which 
the  same  can  be  purchased  by  the  Government,  and  the  advisability  of  the  Govern- 
ment purchasing  and  setting  apart  the  same  as  national  forest  reserves  for  the  purpose 
of  conserving  and  regulating  the  water  supply  and  flow  of  said  streams  in  the  interest 
of  agriculture,  water  power,  and  navigation    *    *    *. 

Because  of  its  identification  with  studies  of  stream  flow  and  its 
facilities  for  stream  measurement  arrangement  was  made  with  the 
Geological  Survey  for  a  study  of  the  wa^er  resources  of  the  Soutnem 
Appalachian  Mountains.  The  following  report  on  The  Relation  of 
the  Southern  Appalachian  Mountains  to  Inland  Water  Navigation 
has  resulted  from  that  study. 
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THE  RELATION  OF  THE  SOUTHERN  APPALACHIAN  MOUNTAINS 

TO  INLAND  WATER  NAVIGATION. 


INTKODUCTION. 

The  United  States  had  up  to  June  30,  1905,  expended  nearly 
$30,000,000  to  improve  navigation  in  rivers  that  have  their  upland 
sources  in  the  Southern  Appalachian  Mountains.  Including  the 
Ohio  River,  which  is  so  largely  supplied  with  water  from  this  mountain 
area,  the  total  expenditure  amounted  to  more  than  $36,000,000. 
With  this  expenditure  freight  shipments  over  these  rivers  amounted 
in  the  year  1905  to  14,614,781  tons,  together  with  196,000,000  feet 
B.  M.  of  lumber.  The  projects  for  improvement  authorized  by  Congress 
on  these  rivers  are  not  yet  complete.  On  some  of  them,  indeed,  th3 
work  has  hardly  commenced.  When  finished  the  cost,  excluding 
improvements  on  the  Ohio  proper,  will  be  more  than  $56,000,000, 
according  to  present  estimates. 

The  reason  for  this  relatively  small  amount  of  traffic  compared 
with  the  large  expenditure  lies  in  the  fact  that  under  present  condi- 
tions the  rivers  fail  to  provide  a  depth  of  water  throughout  the  year 
sufllcient  for  navigation.  There  are  seasons  of  high  water  in  which 
deep-draft  vessels  may  pass  readily  up  and  down  these  rivers  with 
open  navigation  and  plenty  of  water  under  the  keel.  This  is  in  the 
high  tide  of  the  year  when  the  rivers  are  glutted  with  rain  or  melted 
snow  shed  by  prodigal  hills  and  mountains,  and  when  they  carry 
millions  of  tons  of  sediment  eroded  from  the  cleared  mountain  slopes. 
It  is  a  period  of  short  duration,  always  followed  by  weeks  of  priva- 
tion, when  the  sediment  has  been  deposited  and  the  rivers  are  in  need 
of  the  water  that  they  have  so  ruthlessly  wasted.  It  is  this  condition 
of  alternating  silt-bearing  floods  and  low  water  that  makes  it  nec- 
essary for  the  Government  to  expend  millions — first,  to  provide 
depth  of  channel  sufficient  for  navigation,  and,  second,  to  remove 
deposited  detritus  in  order  that  the  depth  of  channel  may  be 
maintained. 

The  chief  obstacles  to  navigation,  then,  are  lack  of  water  during 
portions  of  the  year,  and  detritus  which  is  washed  into  the  streams 
and  which  gradually  fills  the  channels  or  forms  obstructions  at  the 
mouth.  Were  the  flow  uniform,  the  amount  of  water  carried  by  a 
river  during  the  year  would  be  sufficient  to  provide  a  good  depth  at 
all  times.  But  the  flow  is  uneven;  there  is  too  much  water  at  one 
time  and  not  enough  at  another.     The  floods  of  the  spring  waste  the 
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water  which  should  be  available  to  maintain  a  navigable  depth 
during  summer  and  fall.  To  lessen  this  inequality  of  flow  should 
therefore  be  the  aim  of  all  measures  for  the  development  of  our 
waterways.  H  the  rivers  could  be  kept  always  in  gentle  flood  a 
relatively  small  expenditure  for  reservoirs,  locks,  and  dams  would 
be  required.  In  the  same  way,  if  means  could  be  found  to  prevent 
silt  and  sand  from  being  washed  into  the  streams  the  enormous  cost 
of  dredging  would  be  largely  done  away  with. 

One  factor  which  tends  to  make  the  flow  of  streams  imeven  ia  the 
unevenness  of  the  rainfall.  Rain  comes  at  irregular  intervals  and 
varies  in  intensity.  In  consequence,  the  amount  of  water  which  in 
dyiSerent  seasons  runs  off  the  land  into  the  rivers  varies  also.  Y^ 
there  are  natural  factors  through  whick  a  part  at  least  of  this  vari- 
ability may  be  overcome.  Among  the  moat  important  of  these  is 
the  vegetation  which  covers  the  slopes  upon  which  the  rain  falls. 
In  itself,  and  in  the  effect  which  it  has  upon  the  soil,  it  causes  the 
water  to  be  fed  gradually  into  the  streams,  and  so  tends  to  bring 
about  a  uniform  flow.  The  amount  of  surface  soil  which  is  washed 
from  bare  slopes  in  the  Southern  Appalachians  is  enormous.  Not 
only  does  growth  upon  the  slopes  tend  to  keep  the  flow  even,  but  it 
is  also  the  chief  agent  in  preventing  erosion.  Therefore,  a  single 
factor  comes  to  relieve  both  conditions  which  threaten  the  naviga- 
bility of  streams. 

Though  the  principle  of  action  of  vegetation  is  the  same,  no  mat- 
ter what  the  form  of  vegetation  is,  the  degree  of  efficiency  differs 
radically.  Without  question,  the  forest,  of  all  forms  of  vegetable 
growth,  is  the  most  efficient  in  conserving  the  rainfall  and  preventing 
erosion.  It  keeps  the  soil  in  a  loose  condition,  covers  the  ground 
with  a  litter  of  leaves  and  branches,  and  protects  the  ground  sur- 
face from  the  direct  rays  of  the  sim  and  from  the  full  force  of  rains, 
all  of  which  is  of  the  liighest  importance  in  checking  sudden  run-off. 
The  leaf  canopy  overiiead  breaks  the  force  of  heavy  rains  and  allows 
the  water  to  reach  the  ground  gently  and  not  faster  than  it  can  be 
absorbed.  Moreover,  the  decay  of  roots  and  the  presence  of  leaf 
litter  keep  the  soil  porous  and  capable  of  absorbing  a  greater  amount 
of  water  than  when  it  is  bare.  The  capacity  of  soil  to  absorb  heavy 
rainfall  such  as  that  of  the  Southern  Appalachians  depends  lai^ely 
upon  its  porosity.  In  this  connection  the  leaf  canopy  also  plays  an 
important  part,  since  it  protects  the  soil  from  the  rays  of  the  sun 
which  tend  to  harden  the  surface  and  so  destroy  its  absorptive 
qualities.  Forest  soil  is  capable  of  absorbuig  a  rainfall  of  several 
inches  with  comparatively  little  run-off,  and  the  water  thus  absorbed 
passes  to  ground  storage,  to  pass  off  later  through  springs  in  seascoia 
when  rainfall  is  lacking.  A  soil  depleted  of  humus  and  exposed  to 
heavy  rains  hardens  in  structure  and  erodes  rapidly,  a  condition 
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which  is  as  unfayorable  to  the  inainteiiance  of  navigable  streams 
channels  as  violent  fluctuations  in  the  flow. 

The  Southern  Appalachian  forests  act  as  a  great  storage  reservoir, 
ftnd  this  is  done  largely  through  the  medium  of  its  humus,  the  lit- 
ter of  decomposing  v^etable  matter  which  forms  the  forest  floor. 
It  is  this  which  acts  like  a  sponge  to  absorb  the  water  as  it  falls.  The 
lowest  estimate  of  the  storage  capacity  of  humus  made  by  Eber-- 
mayer  places  it  at  considerably  more  than  its  own  weight;  and  Wiley, 
from  his  investigation  of  Florida  muck,  gives  it  about  the  same  capac- 
ity, while  Wollny,  as  substantiated  by  Henry"  in  his  laboratory 
experiments,  places  it  at  about  four  times  its  own  weight.  The  ca- 
pacity of  humus  to  absorb  moisture  depends,  moreover,  upon  its 
origin.  That  from  hardwoods  and  spruce  has  a  greater  capacity 
than  that  from  pines.  In  the  actual  amount  of  water  absorbed,  also, 
hardwood  humus  surpasses  that  of  most  conifers,  since  it  is  deeper. 
The  Appalachian  forests  are  composed  largely  of  hardwoods,  and 
under  proper  muiagement  humus  is  accumulated  to  a  great  depth. 
At  present,  frequent  fires  have  in  many  places  reduced  or  even  de- 
stroyed it,  while  excessive  cutting  of  timber  has  further  tended  to 
deplete  it  by  exposing  it  to  the  sun  and  wind. 

Though  the  influence  of  the  forest  in  promoting  the  absorption  of 
rain  is  great,  it  is  even  more  apparent  in  the  case  of  snowfall.  A 
large  proportion  of  the  winter  and  early  spring  precipitation  in  the 
Southern  Appalachians  is  ia  the  form  of  snow.  It  takes  from  one 
day  to  two  weeks  longer  for  this  to  melt  beneath  the  forest  than  on 
fields  and  pastures.  In  consequence,  the  danger  from  floods  through 
sadden  melting  is  lessened.  The  tendency  is  for  the  snow  when  it 
melts  to  be  absorbed  by  the  forest  soil  and  to  pass  gradually  to  the 
streams  through  subterranean  drainage. 

The  function  of  the  forest  and  of  the  humus  beneath  as  a  storage 
reservoir  is  of  high  importance,  yet  in  relation  to  navigation  and  the 
storage  of  storm  waters  the  influence  which  the  forest  has  in  check- 
ing erosion  is  of  equal,  if  not  of  greater,  value.  There  arc  few  rivers 
south  of  Pennsylvania  in  wliich  sand  and  silt  bars  have  not  been 
formed  by  detritus  washed  from  tilled  slopes.  In  the  Southern 
Appalachians,  as  the  population  increases  and  as  tilled  land  on  the 
lower  and  gentler  slopes  is  destroyed  by  washing,  the  steeper  slopes 
are  being  cleared  for  farming.  Since  erosion  increases  with  the 
slope,  this  will  in  the  future  result  in.  even  more  rapid  erosion  with 
a  corresponding  increase  in  the  silt  burden  of  the  streams.  Even 
on  the  lesser  slopes  the  erosion  from  the  cultivated  heavy  red  clays 
and  friable  loams  of  the  Southern  Appalachians  is  very  great.  These 
conditions,  therefore,  make  it  absolutely  necessary  to  protect  the 

o  Revue  des  eaux  et  for^ts,  1904,  pp.  353  et  eeq. 
[Cir.  143] 


8 

forest  cover  at  the  sources  of  all  streams  if  the  rivers  of  the  region 
are  to  be  kept  navigable. 

The  system  of  channel  adjustment  whidh  has  been  largely  used 
in  this  coimtry  to  maintain  the  navigability  of  rivers  has  in  many 
cases  accomplished  great  good.  It  entails,  however,  an  enormous 
expenditure  of  money,  both  in  original  cost  and  in  cost  of  maintenance, 
and,  besides,  it  neither  regulates  the  water  supply  nor  checks  erosion. 
Unquestionably,  the  method  of  adjustment  by  conservation,  which  has 
been  extensively  used  in  Russia  and  in  France,  and  partially  installed 
at  the  head  of  the  Mississippi,  will  be  adopted  generally  in  the  United 
States.  This  method  provides  for  reservoirs  which  fill  in  the  spring- 
freshet  season  to  increase  the  flow  later  in  the  year  in  time  of  drought. 
Floods  are  checked  and  sufficient  water  for  navigation  at  all  seasons 
is  provided.  By  itself,  this  method  would  give  excellent  results  in 
regions  where  erosion  is  not  a  factor.  Yet  in  France  it  has  been 
found  by  experience  that  in  mountainous  regions  the  reservoirs 
gathering  water  from  denuded  watersheds  become  clogged  with 
sand,  silt,  and  gravel  and  are  thus  made  useless.  In  the  Southern 
Appalachians  this  method  could  succeed  in  practice  only  where 
erosion  is  prevented  by  the  retention  of  the  forest  cover.  Erosion 
inevitably  destroys  reservoirs  and  must  be  checked  if  the  reservoir 
method  is  to  be  effective. 

In  the  storage  of  water  and  the  equalization  of  stream  flow  engi- 
neering works  will  be  necessary  to  cope  with  the  amoimt  of  excess 
water  which  the  forest  can  not  be  expected  to  control,  but  neither 
the  forest  alone  nor  engineering  works  alone  are  sufficient  in  all  cases. 
The  reservoir  method  depends  for  its  efficiency  upon  the  forest,  and 
without  it  can  not  be  considered.  With  the  mountain  slopes  imder 
protection,  a  system  of  storage  reservoirs  properly  constructed  and 
controlled  would  have  an  almost  incalculable  effect  upon  the  per- 
manent navigability  of  the  rivers  of  the  Southern  Appalachian  region. 

This  report  contains  the  results  of  a  study  of  most  of  the  naviga- 
ble rivers  of  the  Southern  Appalachian  region,  and  discusses  the 
effect  which  a  system  of  reservoirs  and  the  preservation  of  the  forest 
cover  would  have  upon  the  navigability  and  general  value  of  these 
streams. 

BIVEBS  WHICH  DRAIN  INTO  THE  ATLANTIC. 

The  navigable  rivers  rising  in  the  Southern  Appalachian  Moun- 
tains and  covered  by  this  report  may  be  divided  into  two  general 
systems — those  which  discharge  along  the  Atlantic  coast,  and  those 
which  discharge  into  the  Ohio  River.  The  first  includes  the  Potomac, 
James,  Roanoke,  Great  Pedee,  Santee,  Savannah,  Altamaha,  and 
Chattahoochee;  the  second  includes  the  Monongahela,  Kanawha, 
Little  Kanawha,  Big  Sandy,  Kentucky,  Cumberland,  and  Tennessee. 
The  coast  rivers  are  considered  first. 
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POTOMAC   AND  JAMES   RIVERS. 

The  Potomac  and  James  rivers  are  both  tidal  to  their  heads  of  navi- 
gation. In  the  former  Little  Falls,  just  above  Washington,  effectively 
bars  navigation.  In  the  latter  similar  conditions  exist  at  Richmond. 
In  each  case  the  mean  range  of  tide  at  the  foot  of  these  falls  is  about 
3  feet.  In  each  there  is  generally  a  good  depth  in  the  tidal  estuary 
and  the  benefits  derived  from  the  delivery  of  a  large  quantity  of 
water  during  the  low-water  season  are  by  no  means  so  pronounced  as 
in  those  navigable  portions  of  rivers  to  which  the  tide  does  not  ascend. 
There  is,  nevertheless,  a  well-defined  benefit.  Channels  in  tidal  estu- 
aries, properly  dredged  to  desired  depths,  would  generally  be  fairly 
permanent  and  of  low  maintenance  cost  were  it  not  for  material 
brought  down  in  suspension  from  the  upper  drainage  area  during 
freshets  and  deposited  in  the  channels.  The  increased  flow  of  wat^ 
scours  out  the  channel  at  certain  places,  but  freshets  of  this  character 
generally  distribute  their  disadvantages  equally  with  their  benefits. 
Whenever  they  scour  out  one  section  of  channel  to  the  benefit  of 
navigation  they  also  deposit  a  large  amount  of  material  in  some  other 
section  to  its  disadvantage.  Providing  means  for  storing  floods 
reduces  this  torrential  flow  and  thereby  diminishes  and  possibly  holds 
back  altogether  that  part  of  the  material  that  is  so  injurious  to  nav- 
igable channels  in  tidal  estuaries.  The  following  statement  in  refer- 
ence to  the  James  River  appears  in  the  Report  of  the  Chief  of  Engi- 
neers, U.  S.  Army,  for  the  year  1885,  Part  2,  page  947: 

It  has  been  estimated  that  at  lea^t  275,000  cubic  yards  of  solid  matter  pass  Rockctts 
Reef  in  twenty-four  hours  when  there  is  a  freshet  not  higher  than  10  feet.  No  ac- 
count is  taken  in  this  estimate  of  the  heavy  material  rolling  along  the  bottom.  It  is 
probably  far  within  limits  to  say  that  in  such  a  freshet  not  less  than  300,000  cubic 
yards  pass  in  twenty-four  hours.  Large  quantities  of  the  lighter  particles  held  in 
suspension  are  carried  far  down  the  river,  but  the  heavier  pieces  that  roll  along  the 
bottom  move  only  by  a  rapid  current  and  stop  as  soon  as  the  freshet  subsides  and 
must  be  tak^n  out  by  dredging.  It  is  therefore  believed  that  it  will  be  necessary  iii 
the  future  as  it  has  been  in  the  past  ta  keep  on  hand  a  dredging  plant  ready  for  emer- 
gencies. 

This  is  a  significant  statement.  It  means  that,  year  after  year, 
the  expense  of  maintaining  and  operating  a  dredging  plant  must  be 
kept  up  in  connection  with  James  River  navigation,  and  while  the 
cost  in  any  single  year  may  not  appear  great,  a  succession  of  years 
will  produce  a  total  expense  far  in  excess  of  the  cost  of  providing 
reservoir  capacity  sufficient  to  prevent  the  silting  up  of  the  lower 
channel.  Up  to  July  1,  1905,  the  Government  had  expended  in 
round  numbers  $1,350,000  on  the  James  River,  and  the  total  esti- 
mate for  the  finished  improvement  of  that  river  is  $5,375,000.  But, 
even  with  this  expenditure,  high  maintenance  charges  will  continue 
so  long  as  freshets  continue  to  bring  down  material  that  must  be 

26578— Cir.  143—08 2 


10 

dredged  from  the  navigmble  ehaimel.  The  same  is  true  of  the 
Potomac  River.  The  conditions  upon  the  drainage  areas  of  both 
rivers  with  reference  to  the  possibihties  of  water  conservation  may 
be  summarized  as  follows: 

In  the  Potomac  basin^  topographic  surveys  reveal  6  reservoir  sites 
of  sufiScient  capacity  for  the  storage  of  the  entire  annual  discharge 
from  1,350  square  miles.  That  is,  if  these  reservoirs  were  con- 
structed and  ihe  gates  dosed,  a  year  would  pass  before  the  water 
would  spill  over  the  tops.  These  reservoirs  would  thus  place  under 
control  12  per  cent  of  the  entire  drainage  area  of  the  Potomac  above 
Great  Falls.  Many  other  reservoir  ates  might  be  designated  on 
more  careful  survey.  The  total  capacity  of  these  reservoirs  is 
58,510,000,000  cubic  feet.  The  facts  concerning  them  are  giTen  in 
Table  1 : 

Table  1. — Selected  reeervoir  nites  in  ihe  Fotcmac  River  hoMin, 


Stream  and  location. 


Cstch- 
mont  - 
area. 


Mean 
aixnoal 
ran-ofl 

per 
square 

inUe. 


Slow 

avail- 
able. 


Capacity 

of 

reaer- 

voiT. 


Capacity 
of  reser- 
voir in 
catcib- 
ment 
area. 


Hel^l 
dam. 


of 

flow 
line 


North  Fork,  Soutti  Branch,  Poto- 
mac River  at  Petersbore,  W.  Va. 

North  Fork,  South  Brancn,  Shem- 
andoah  River,  Rockingham 
County,  Va 

North  River,  Rockingham  Coun- 
ty, Va 

Midole  River,  Augusta  County,  Va. 

South  Fork,  Shenandoah  River, 

Rocldngham  County,  Va 

Do 


Bquart 
mUet. 
400 

per  9€c. 
1.12 

210 

.84 

290 
180 

1.33 
1.33 

500 
200 

1.42 
L42 

Cvbieft.  i  JfiO0,(m 
per  see.   otitic  feeL 
520        18,550 


180 

390 
240 

710 

280  I 


6,910 

14,190 
6,190 

2,290 
10,420 


FeeL 

m 


82 
96 

loe 

40 
95 


Acres. 

7,eoe 

3»410 

9,710 
4,250 

3.930 
7,150 


Similar  examination  of  the  James  River  basin  discloses  7  reservoir 
sites  of  a  capacity  sufficient  to  p^mit  the  storage  of  the  n^ean  annual 
discharge  from  2,130  square  miles,  or  31  per  cent  of  ihe  entire  drain- 
age area  above  Richmond.  The  facts  concerning  these  reservoirs 
are  given  in  Table  2 : 

Table  2. — Selected  resfrvoir  gites  in  the  JaTiies  River  hagin. 


Stream  and  location. 


Jackson  Rivar,  West  Bath  Coun- 

^ty,Va 

Cowpatfture  River,  Bath  County, 
Va 

North  River,  Rookbiidgo  -County, 
Va 

Calfpasture  Rivor,  southwest  Au- 
gusta County,  Va 

James  River,  Botetourt  County, 
Va 

Buffalo  Croek,  Rockbridge  Coun- 
ty, Va 

Johns  Creek,  Newcastle,  Va 


Catch- 
ment 
area. 


Mean 
annual 
run-off 

per 
square 

mile. 


Square     Cubic  ft. 
miles.    I  per  sec. 


300  I 

I 

280 

210  . 

I 
120  I 

1,000 

90 
90  . 


1.18 

i.l8 

1.18 

1.18 

1.18 

1.18 
1.18 


Flow 
avail- 
able. 


Capacity 
of 
reser- 
voir. 


Cubic  ft.     1,000,000 
per  sec.    cubic  feet. 
350  '      12,400 


330 

2.<>0 

140 

1,230 

90 

110 


10,700 
8,620 
4,140 

43,890 

3,  €60 
4,620 


Capacity 
of  reser- 
voir in 
catch- 
ment 
area. 


Square 
miles. 
300 

280 

210 

110 


lldffhl; 
dam. 


i,eeo 

BO 
90 


I 


Feet. 
124 

lis 

187 

100 

I 

135 

118  I 


Area 

of 

flow 

line. 


Acres. 
5,100 


123 


4, 

5,<4tt 

2,850 

18,470 

1,900 
3,120 
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The  practical  effect  of  these  reservoirs  upon  naTigation  in  the 
Potomac  and  James  rivers  would  be  a  decrease  of  12  per  cent  in  the 
floods  of  the  Potomac  and  of  31  per  cent  in  those  of  the  James.  As 
it  is  the  high  part  of  the  flood  that  accomplishes  the  greatest  amount 
of  erosion,  it  is  apparent  that  the  amount  of  sediment  to  be  taken 
care  of  would  be  decreased  by  a  far  greater  percentage  than  the 
decrease  in  the  height  of  the  floods. 

ROANOKE   RIVER. 

The  use  of  the  Roanoke  River  for  navigation  fluctuates  widely 
from  year  to  year.  Up  to  June  30,  1905,  the  United  States  had 
expended  in  the  improvement  of  this  river  $239,351.75,  but  the  work 
done  has  not  been  effectual  in  inducing  shippers  to  make  extensive 
use  of  the  channel  for  transportation.  The  channel  is  too  precarious 
to  warrant  the  establishment  and  maintenance  of  transportation 
lines.  The  Report  of  the  Chief  of  Engineers,  U.  S.  Army,  for  1897, 
states  that  only  two  steamers  were  plying  during  the  year  and  that 
apparently  the  commerce  was  rapidly  decreasing,  inasmuch  as  eight 
steamers  were  making  regular  trips  in  1894. 

The  Roanoke  River  flows  into  the  extreme  westerly  end  of  Albe- 
marle Sound.  The  distance  from  the  mouth  of  the  Roanoke  to  the 
ocean  is  108  miles,  and  the  controlling  depth  of  water  7}  feet.  From 
the  mouth  of  the  river  up  67  miles  to  Indian  Island  Bar  the  channel 
at  low-water  stages  exceeds  8  feet  in  depth.  At  this  bar  the  depth 
is  diminished  from  15  feet  to  less  than  5  feet.  Thence,  62  miles  to 
Weldon,  the  channel  is  a  succession  of  pools  separated  by  bars  of 
sand,  gravel,  or  rock.  The  project  for  improvement  contemplates  a 
channel  from  Hamilton  to  Weldon,  with  a  width  of  at  least  50  feet 
and  5  feet  deep.  The  river  is  subject  to  frequent  and  sudden  freshets 
causing  recorded  rises  of  50  feet  at  Weldon.  But  during  dry  seasons 
the  maintenance  of  a  4-foot  channel  below  Weldon  can  hardly  be 
accompUshed  without  a  greater  supply  of  water.  If  this  were  pro- 
vided, it  would  secure  even  a  greater  low- water  depth  and  would  bring 
about  the  adjustment  of  all  the  navigation  difficulties  in  the  river. 
It  should  be  lemembered  that  a  4-foot  channel  will  not,  under  modem 
traffic  conditions,  permit  the  passage  of  boats  sufficiently  large  to 
compete  with  railroad  transportation.  Small  shipments  are  no  longer 
profitable  by  the  water  route  and  therefore  a  4-foot  channel  in  the 
Roanoke  would  hardly  be  worth  while  even  if  it  were  properly  main- 
tained.    Can  an  extra  depth  be  provided  from  storage? 

Examination  of  the  drainage  area  shows  4  available  reservoir  sites 
of  a  capacity  sufficient  to  store  the  mean  annual  run-off  from  1,250 
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square  miles.     The  facts  concerning  these  reservoirs  are  set  forth  in 
Table  3: 

Table  3. — Selected  reservoir  sites  in  the  Roanohe  River  basin. 


Stream  and  location. 

Catch- 
ment 
area. 

Mean 
annual 
run-off 

per 
square 

mile. 

Flow 
avail- 
able. 

Capacity 
of 
reser- 
voir. 

Capacity 
of  reser- 
voir in 
catch- 
ment 
area. 

Height 
dam. 

Area 
of 

flow 
Une. 

North  Fork,  Roanoke  River,  cast 
Montaomery  County,  Va 

South  Fork,  Roanoke  River,  south- 
east Montgomery  County,  Va — 

Gooae  Creek,  Bedford  County,  Va . . 

Roanoke  River,  Bedford  County 
Va 

Bquare 
miles. 
120 

110 
260 

760 

Cubic  ft. 

per  sec. 

1.23 

1.23 
1.23 

1.23 

Cvhic  ft. 

per  sec. 

150 

140 
320 

930 

1,000,000 
cubic  feet. 

4,820 

4,600 
10,200 

29,700 

Square 
miles. 
120 

110 
260 

760 

Feet. 
125 

140 
106 

150 

Acres. 
2,170 

1,790 
6,560 

15,000 

The  records  of  the  United  States  Geological  Survey,  made  at  its 
gauging  station  on  the  Roanoke  River  at  Neal,  N.  C,  show  that  the 
average  low-water  flow  is  about  3,000  cubic  feet  per  second.  With  the 
run-off  from  the  1,250  square  miles  excluded,  the  ordinary  low-water 
flow  at  Neal  would  be  2,600  cubic  feet  per  second.  This  discharge 
corresponds  to  a  gauge  height  of  about  2  feet.  One  of  the  results  of 
the  work  of  the  Geological  Survey  at  NeAl,  N.  C,  was  the  establish- 
ment of  a  rating  table  for  this  section  of  the  Roanoke,  which  shows 
the  amoimt  of  water  flowing  in  the  channel  at  each  stage  of  the  river 
from  lowest  to  highest.  Therefore,  if  to  the  observed  flow  of  the  river 
a  certain  additional  quantity  is  to  be  added  it  is  merely  necessary 
to  add  the  additional  quantity  to  the  observed  flow  and  consult  the 
rating  table  to  find  the  height  or  stage  of  the  river  corresponding 
to  the  simx  of  these  two.  For  example,  if  the  Roanoke  at  Neal  is 
discharging  1,920  cubic  feet  per  second  the  stage  of  the  river  is  1  foot 
on  the  United  States  Geological  Survey  gauge.  Similarly,  if  2,580  cubic 
feet  per  second  are  passing  through  the  channel  the  river  is  at  the 
2-foot  stage;  when  the  gauge  reads  3  feet,  3,280  cubic  feet  are  pass- 
ing by  Neal  each  second,  and  so  on. 

Taking  the  river  at  ordinary  low  stage,  the  problem  is  to  determine 
how  the  stage  of  the  river  can  be  increased  by  the  proper  manipula- 
tion of  the  reservoirs  above  described.  Table  4  gives  in  tabular 
form  the  number  of  days  during  which  the  reservoirs  would  be  able 
to  increase  the  stage  of  the  river  to  various  heights  from  1  to  8  feet, 
the  calculations  being  based  upon  full,  three-quarters-full,  and' half- 
full  reservoirs. 
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Table  4. — Roanoke  River. 


Increase 
of  stage. 

Flow 
required. 

Duration  of  flow. 

Reservoirs 
full. 

Reservoirs 
three- 
fourths 
full. 

Reservoirs 

one-half 

fun. 

Fea. 

I 
2 

a 

4 

5 
6 
7 

8 

Cu.fl.  per 
sec. 

700 
1,400 
2,100 
2,856 
3,650 
4,620 
5,620 
6,700 

JkMVS. 

800 

4(r2 

268 
197 
154 
122 
100 
84 

Days. 

600 

302 

201 

148 

115 

92 

75 

63 

Days. 

400 

201 

134 

08 

77 

61 

50 

42 

The  practical  use  of  this  table  may  be  illustrated  as  follows:  With 
full  reservoirs  the  stage  at  Neal  could  be  permanently  maintained  1 
foot  higher  than  low-water  flow  for  a  period  of  eight  hundred  days. 
Of  course,  the  river  does  not  remain  at  the  low-water  stage  for  that 
period  of  time  and  therefore  some  more  useful  depth  could  be  arranged. 
The  table  shows  that  an  additional  stage  of  4  feet  could  be  maintained 
for  one  hundred  and  ninety-seven  days.  But  this  is  also  an  unneces- 
sarily long  time.  It  is  found  on  consultation  of  the  record  for  the 
Roanoke  that  about  one  hundred  and  twenty  days  is  the  maximum 
low-water  period.  This  does  not  mean  that  the  river  stays  at  low 
water  during  that  entire  period.  On  the  contrary,  the  fluctuations 
are  generally  above  this  stage.  But,  for  the  sake  of  a  conservative 
estimate  we  will  assume  a  constant  low  water  during  the  period.  A 
glance  at  the  table  will  show  that  with  reservoirs  full  an  increase  of  6 
feet  over  the  low-water  stage  could  be  maintained  for  a  period  of  one 
hundred  and  twenty-two  days.  That  is,  during  this  period  the  river 
at  Xeal  could  be  maintained  6  feet  higher  with  the  reservoirs  than 
without  them. 

It  might  be  that  in  years  of  little  rain  the  reservoirs  would  not  be 
filled,  but  the  year  would  be  most  exceptional  in  which  they  would  not 
receive  sufficient  drainage  for  three-quarters  of  their  capacity.  Con- 
sidering the  matter  on  this  basis,  then,  the  table  shows  that  an  addi- 
tional stage  of  6  feet  could  be  maintained  for  a  period  of  one  himdred 
and  fifteen  days,  or  almost  the  entire  low- water  period  assumed. 

Considering  now  the  very  exceptional  year,  when  we  will  assume 
that  the  reservoirs  are  only  half  full,  it  is  seen  from  the  table  that  an 
additional  stage  of  3  feet  could  be  maintained  for  a  period  of  one  hun- 
dred and  thirty-four  days  or  considerably  longer  than  the  assumed 
low-water  period,  or  a  stage  of  4  feet  could  be  maintained  for  a  period 
of  ninety-eight  days. 

The  remarkable  showing  made  by  these  estimates  will  be  appre- 
ciated by  those  who  are  familiar  with  river  navigation,  its  require- 

[Cir.  143] 


14 

mentSy  and  difficulties.  To  provide  an  additional  stage  of  6  feet  on  a 
river  for  one  hundred  and  twenty-two  days  during  the  low-water 
season  is  practically  to  make  the  river  over,  and  in  the  case  of  the 
Boanoke  it  is  to  change  it  from  a  river  of  shallow  and  precarious 
navigation  to  one  in  which  navigation  possibilities  will  meet  all 
reasonable  demands.  All  this  benefit  arises  from  the  construction 
of  reservoirs;  but  it  should  be  remembered  in  this  connection  that 
the  benefits  to  navigation  constitute  merely  one  of  the  advantages 
arising  from  the  construction  of  the  reservoir  system. 

Lest  anyone  unfamiliar  with  the  situation  should  be  deceived, 
there  are  certain  statements  which  should  be  made  with  reference  to 
the  table  given  above.  The  additional  river  stages  that  will  be 
secured  by  the  discharge  of  definite  amounts  of  water  from  storage 
reservoirs  refer  to  the  cross  section  at  Neal,  N.  C,  alone,  except  for 
those  places  along  the  river  in  which  the  slope  and  channel  capacity 
are  the  same  as  those  at  Neal.  The  channel  varies  in  slope  and 
capacity,  and,  as  these  increase,  a  given  amount  of  water  will  have  less 
effect  in  adding  to  the  stage  of  the  river;  and  conversely,  as'  the  slope 
and  capacity  decrease,  the  effect  of  a  given  amount  of  water  upon  the 
gauge  height  will  be  greater.  A  thorough  survey  of  ihe  channel  of 
the  Roanoke  River  would  be  necessary  in  order  to  determine  the 
effect  upon  the  gauge  height  at  each  point  in  the  river,  but  such 
information  is  not  necessary  in  the  present  broad  treatment  of  the 
subject.  The  pilot  of  a  steamboat  along  a  river  managed  as  described 
above  would  be  thoroughly  familiar  with  the  conditions.  A  given 
gauge  height  at  Neal  or  at  any  point  along  the  stream  would  indicate 
to  him  the  depth  of  water  along  all  the  crossings. 

In  the  manipulation  of  the  reservoir  system  to  secure  additional 
navigable  depth,  the  results  would  be  secured  through  a  similarly 
practical  attitude  toward  the  subject.  Details  are  aside  from  the 
purpose  of  this  paper.  The  great  point  is  that  the  construction  of 
this  reservoir  system  will  so  increase  the  value  of  the  Roanoke  Rivtf 
as  a  means  of  transportation  that  the  cost  of  the  system  reckoned 
upon  the  most  liberal  basis  will  in  no  wise  be  commensurate  with 
the  benefits  conferred. 

GB£AT  PEDEE    BIVEB. 

Navigation  on  the  Great  Pedee  River  will  be  benefited  by  the  estab^ 
lishment  of  the  proposed  National  Forest  through  its  principal  tribu- 
tary, the  Yadkin,  the  headwaters  of  which  lie  within  the  area  und^ 
consideration.  Improvements  for  the  benefit  of  navigation  on  the 
Yadkin  itself  were  abandoned  by  the  Government  after  the  expendi- 
ture of  $102,886,  because  it  was  discovered  that  the  portion  of  the 
river  that  had  been  under  improvement  was  above  "  anotiiier  stretch 
of  much  more  difficult  character  where  the  declivity  was  so  great 
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that  its  improveoient  for  boats  of  any  character  couM  be  accom- 
plished only  at  very  great  expense  and  ^itirely  out  of  proportion  to 
the  benefits."  (Report  of  Chief  of  Engineers,  U.  S.  Army,  1892, 
Vol  2,  p.  1435.) 

On  the  Great  Pedee  itself  a  d^th  of  8  feet  extends  from  the  mouth 
et  the  ri^er  to  Smiths  Mills,  a  distance  of  52  miles.  Above  this  the 
present  project  contemplates  a  channel  of  3^  feet  to  Oheraw,  the 
head  of  navigation,  172  miles  above  the  mouth.  The  total  expendi- 
ture by  the  Gov^nment  on  the  Great  Pedee  up  to  June  30, 1905,  was 
$157,460.  It  is  estimated  that  the  project  when  completed  will  cost 
$245,300.  Inward  freight  consists  chiefly  of  genial  m^chandise 
and  i&riili3iec&,  and  outward  freight  of  rosin,  turpentine,  tar,  cotton, 
cix>s»-tie8,  and  lumber  products,  togeth^  with  rice.  In  1904  the 
t<mnage  on  the  river  was  162,566,  with  a  value  of  $1,507,181. 
According  to  the  records  there  has  been  a  very  g^ieral  increase  in 
traffic  since  1891,  especially  in  the  8-foot  channel  below  Smiths  Mills. 

The  projected  depth  of  not  less  than  3^  feet  at  low- water  stages 
from  Smiths  Mills  to  Cheraw  has  not  yet  been  accomplished.  Even 
if  it  had  been,  it  is  difficult  to  show  whence  any  great  benefit  would 
arise.  Under  {n^sent  conditions  of  transportation,  boats  drawing 
only  from  3  to  3i  feet  are  of  little  value  as  carriers.  They  can  not 
compete  with  the  poorest  kind  of  railroad  transportation.  There- 
fore the  expenditure  of  money  along  this  river  to  secure  merely  a 
3i-foot  stage  at  low  wat^  would  seem  to  be  little  better  than  a  waste 
of  Government  funds.  Yet  it  appears  impossible  with  the  present 
wide  range  of  river  stages  to  secure  a  greater  depth  without  enor- 
mously disproportionate  expense,  because  during  low-water  periods 
there  is  not  enough  water  to  produce  the  desired  stage.  This  is  one 
of  the  cases  in  which  the  extreme  value  of  conserved  water,  held 
back  during  flood  seasons  in  reservoirs  in  the  uplands  and  judiciously 
released  during  low-water  seasons,  may  be  appreciated.  On  the 
Upper  Yadkin  River  a  preliminary  survey  has  revealed  many  reser- 
voir sites,  of  which  5  have  been  selected  for  the  estimates  in  this 
paper.    The  details  concerning  these  reservoirs  are  given  in  Table  5: 

.  Table  5. — Selected  rtgervoir  sites  in  the  Yadkin  River  basin. 


Stxeam  and  location. 


YadUn  Bi<ver,  Wilkeeboro,  N.  C. 
YadJdn  River,  above  Wilkesboro, 

W  C 
South ' '  Yadkin  * '  River, '  *  Davie 

County,  N.C 

Deep  Creek,  YadkinvUle,  N.  C . . . . 
Ararat  River,  Surrey  County,  N.  C 
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area. 

annual 
run-ofl 

per 

Bqnaie 

mileb 

How 

avaii- 
ablfi. 

Capacity 

of 
reaervoir. 

ol  reser- 
voir in 
catch- 
ment 
area. 

Hei^t 
dam. 

Square 

Cvbicft. 

OisbiefL 

l/XJOfiOO 

Sqttare 

miles. 

per  sec. 

per  sec 

cubic  feet. 

miles. 

FeeL 

800 

2.72 

1,360 

42,050 

460 

lao 

230 

2.72 

020 

20,aoo 

230 

140 

730 

2.72 

2,000 

20,500 

TOO 

90 

120 

2.72 

330 

9,400 

110 

100 

290 

2.72 

790 

5,300 

60 

100 

Area 
of 

flow 
Ihie. 


Acres. 

22,eeo 

10,100 

15,600 
6.600 
3,700 
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It  is  proposed  to  show  in  a  manner  similar  to  that  already  piursued 
with  reference  to  the  Roanoke  what  may  be  accomplished  by  proper 
reservoir  manipulation  on  the  Great  Pedee.  The  discussion  is  based 
on  the  rating  table  at  the  cross  section  of  the  Yadkin  Riyer  at  Salis- 
bury, N.  C,  where  the  Geological  Survey  has  for  many  years  main- 
tained a  gauging  station.  This  point  is  considerably  above  the  head 
of  navigation,  and  therefore  the  data  can  not  be  applied  directly  to 
the  navigable  part  of  the  river.  Unfortunately  there  is  no  record 
of  gaugings  on  the  Great  Pedee  River  sufficiently  long  or  compre- 
hensive to  serve  as  the  basis  of  a  rating  table.  The  effect  of  the  dis- 
charge from  reservoirs  on  the  gauge  height  of  the  section  at  Salisbury 
is  not  as  pronounced  as  it  would  be  on  the  lower  navigable  portion  of 
the  river,  because  of  the  steep  slope  along  the  Salisbury  section. 
Therefore  the  results,  as  shown  by  the  following  table,  are  far  less 
favorable  to  the  reservoir  proposition  than  they  would  be  if  applied 
directly  to  some  section  in  the  flatter  navigable  portion. 

The  following  statement  is  similar  to  that  previously  given  with 
reference  to  the  Roanoke  and  is  subject  to  the  same  interpretations: 
Ordinary  low- water  flow,  2,000  cubic  feet  per  second;  adjusted  low- 
water  flow  with  reservoir  area  excluded,  1,350  cubic  feet  per  second, 
equivalent  to  gauge  height  at  Salisbury  of  1.3. 

Table  6. — Yadkin  River  at  Salisbury, 


Increase 
of  stage. 

Duration  of  flow. 

Flow 
required. 

Reservoirs 

fuU. 

Reservoirs 
three- 
fourths 
full. 

Days. 

420 

167 

100 

72 

Reservoirs 

one-half 

full. 

Feet. 

1 
2 
3 

4 

Cubic  feet 

per  sec. 

1,970 

4,940 

8,210 

11,450 

Days. 

oCO 

223 

134 

96 

Days. 

280 

112 

67 

48 

Table  6  shows  in  general  that  with  full  reservoirs  there  is  plenty 
of  water  to  maintaia  an  added  3-foot  stage  for  an  assumed  dry 
weather  season  of  more  than  four  months,  or  with  reservoirs  tliree- 
fourths  full,  for  an  additional  3  feet  for  more  than  three  months. 
The  effect  on  the  navigable  portion  of  the  Great  Pedee  between 
Cheraw  and  Smiths  Mills  would  undoubtedly  be  more  pronounced 
than  this,  but,  assuming  it  to  be  the  same,  there  would  be  an  assur- 
ance of  a  continuous  6-foot  stage  along  this  portion  of  the  river 
instead  of  the  precarious  3  feet  now  available.     A  6-foot  channel 
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would  probably  fulfill  all  the  demands  for  navigation  in  this  part  of 
f  the  country  and  allow  the  region  to  develop  its  transportation  facil- 
I       ities  to  an  extent  commensurate  with  its  wealth  and  importance. 

SANTEB   RIVEE. 

There  are  three  projects  adopted  by  the  Government  for  the 
improvement  of  Santee  River  navigation.  The  Santee  is  formed  by 
the  junction  of  the  Congaree  and  the  Wateree  rivers,  184  miles  above 
the  mouth  of  the  Santee.  The  three  projects  xmited  involve  the 
improvement  of  the  river  up  to  Columbia  on  the  Congaree  and  up  to 
Camden  on  the  Wateree,  and  provide  for  continuous  4-foot  naviga- 
tion throughout  the  entire  distance.  Up  to  June  30,  1905,  $286,189 
had  been  expended,  while  the  approximate  estimate  for  completion 
is  $456,763. 

Navigation  on  the  main  stream  appears  to  be  increasing.  During 
the  calendar  year  1904  there  were  transported  242,800  tons,  with  a 
value  of  $1,652,000.  There  is  every  reason  to  believe  that  through- 
out the  entire  length  of  the  main  stream  the  transportation  would  be 
greater  if  a  deeper  channel  could  be  provided  and  its  maintenance 
assured.  It  will,  therefore,  be  of  interest  to  show  how  the  depth 
during  low-water  seasons  may  be  increased  by  conservation  of  flood 
waters  in  the  basin  of  the  Catawba  River,  which  is  the  principal  trib- 
utary of  the  Wateree.  Inasmuch  as  the  drainage  area  of  the  Con- 
garee River  lies  outside  of  the  proposed  Southern  Appalachian 
National  Forest,  no  figures  have  been  secured  concerning  its  conserva- 
tion possibilities.  The  effects  of  conservation  at  the  headwaters  of 
the  Catawba  River  alone  must  be  considered,  but  it  should  be  remem- 
bered that  in  so  doing  we  are  taking  into  accoimt  only  a  part  of  the 
possibiUties  for  improving  navigation  along  the  Santee. 

Wateree. — In  considering  the  added  depth  which  will  be  gained  by 
the  proper  use  of  these  reservoirs  it  is  necessary  to  consider  the  cross 
section  of  the  Wateree  River  at  Camden,  where  the  United  States 
Geological  Survey  has  for  many  years  maintained  a  gauging  station 
and  established  a  rating  table.  The  relation  of  this  section  to  sec- 
tions below  on  the  Santee  are  similar  to  those  already  discussed  with 
reference  to  the  Yadkin.  The  slope  of  the  river  at  Camden  is  steeper 
than  the  general  slope  along  the  Santee,  and  although  the  Santee  chan- 
nel is  of  greater  capacity  the  relation  between  this  capacity  and  the 
rise  of  gauge  height  with  increased  flow  is  not  proportional.  It  inay 
be  safely  stated  that  the  increase  of  1  foot  on  the  gauge  at  Camden, 
due  to  the  influx  of  a  certain  quantity  of  water,  will  produce  an  equal, 
if  not  a  greater,  increase  in  the  stage  of  the  Santee  River. 

In  the  drainage  area  of  the  Wateree,  3  reservoir  sites  may  be  found 
of  a  capacity  sufiicient  to  store  the  entire  annual  flow  from  720 
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sqmie  miles.    Detailed  facts  conceniiag  iiijese  atee  am  set  forth  in 
T»bl«7: 

Tabis  7. — Selected  Kienoir  tileg  in  the  Wateree  River  batin. 


Stream  and  location. 

Catch- 
ment 
area. 

Mean 
amual 
ron-ofl 

I)er 
aqiaaxe 

mile. 

Flow 

avail- 
able. 

Capacity 
ol  reser- 
voir. 

Capacity 
of  reser- 
voir In 
catch- 
ment 
area. 

Height 

Area 
of 

flow 
iiae. 

Catawba  Rl^er.  nor^iweflt  Meck- 
lenburg County.  N.  C 

CatJawba  River  upat  Hk*ory,  Ca- 
tawba County,  N.  C 

Square 
430 
600. 
488 

Cvbicft. 

per  eec. 

1.64 

L64 

1.64 

Cubic  ft. 
700 
980 
790 

cmbicfeet. 
24,970 

9,870 

5,380 

Bquare 
420 
190 
360 

77 

100 

75 

JLcTvt. 
1^2S0 

7.760 

Catawba  River  west  «f  Morgan- 
ton,  N.C 

4.900 

The  opdintiTy  low-water  flow  of  Wateree  River  at  Camdeci  is  aboot 
3,000  second-feet.  If  the  conservBd  area  of  720  square  miles  be 
deducted  from  this,  the  low- water  flow  will  be  about  2,200  second- 
feet.  The  following  table  i^ows,  in  a  manner  similar  to  that  for  the 
livers  discussed  in  preceding  pages,  what  may  be  accomplished  at 
G^smiden  by  intelligmt  manipulatton  of  reserroirs. 

Table  S. — Wateree  River. 


1 

Incroaae 
of  stage. 

Flow 
ze^iaixed. 

Dumtion  of  low. 

Reaeir\<«iEB 
full. 

Reservoirs 

th-Fp*- 

fourthA 

loll. 

Reservoirs 

one-half 

Xuil. 

Cubic  feel 

1 
^             1 

Feet. 

9CT  ffPv. 

Day«. 

J>ay«. 

Dav9. 

1 

870 

405 

«ro                248 

2 

•      1,770 

240 

1«2                 140 

8 

2,710 

159 

120 

80 

4 

3.755 

115 

86 

58 

5* 

4,705 

92 

G9 

46 

6 

5,655 

76 

57    1               »| 

From  Table  8  it  may  be  seen  that  with  a  full  reservoir  capacity  the 
stage  of  Wateree  River  at  Camden  can  be  increased  6  feet  for  a  period 
of  seventy-six  days,  or  3  feet  for  a  period  of  one  hundred  and  fifty- 
nine  days.  Considering  the  low-water  period  at  an  average  of 
about  four  months,  it  will  be*  seen  that,  reckoning  on  full  reservoir 
capacity,  the  stage  of  Wateree  River  throughout  such  a  period  could 
be  increased  4  feet  by  intelligent  delivery  from  storage.  The  value 
of  an  added  4  feet  to  the  stage  of  Wateree  and  Santee  rivers  and  the 
guaranty  of  free  and  open  navigation  throughout  the  year  can  readily 
be  appreciated  by  the  people  living  in  the  valley  of  the  Santee. 

SAVANNAH   BIV£R. 

The  Savannah  River  is  navigable  froni  its  mouth  up  to  Petersburg, 
a  distance  of  48  miles  above  the  city  of  Augusta.  That  part  of  the* 
river  above  Augusta  is  not  well  adapted  to  open  navigation  because 
of  its  steep  slope,  while  that  part  below  Augusta  has  all  the  possi- 
bilities of  a  valuable  highway.  The  river,  as  a  whole,  presents  one 
of  the  best  cases  to  demonstrate  that  the  conservation  of  water  and 
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its  proper  mAnipuifttioa  may  under  certain  conditions  be  far  more 
effectual  in  maintaining  navigable  depths  than  any  of  the  measures 
that  have  been  included  in  the  method  of  channel  adjustment.  Here 
is  a  river  which,  during  the  greater  part  of  the  year,  is  navigable  for 
steamboats  drawing  from  4  to  5  feet  of  water,  but  which  during  low- 
water  seasons  is  marked  by  shoals  in  its  upper  portion  with  low- 
water  depth  of  not  more  than  3  feet.  The  improvement  of  this 
river,  as  outlined  in  the  Report  of  the  Chief  of  Engineers,  U.  S.  Army, 
for  1890,  is  to  be  accomplished  by  removing  sand  and  gravel  bars, 
regulating  portions  of  the  river,  revetting  banks,  and  inclosing  in- 
cipient cut-offs. 

In  pursuance  of  this  plan  the  United  States  had  expended  up  to 
June  30,  1905,  the  simi  of  $617,643,  of  which  $58,935  was  expended 
upon  the  river  above  Augusta.  The  estimate  of  the  cost  for  com- 
pletion of  the  present  project  is  $645,045.  The  expenditures  in  the 
upper  portion  of  the  river  have  been  suspended  because  the  expe- 
rience gained  showed  that  a  comprehensive  plan  for  permanently 
improving  this  portion  of  the  river  would  involve  an  expenditure  of 
funds  entirely  out  of  proportion  to  the  prospective  commercial  bene- 
fits. Therefore,  navigation  development  in  the  Savannah  River  has 
been  confined  to  that  portion  below  the  city  of  Augusta. 

It  is  of  interest  to  determine  the  effect  of  the  proposed  system  of 
reservoirs  on  the  navigation  possibilities  in  the  Savannah  River. 
From  topographic  surveys  already  made  14  reservoir  sites  have  been 
selected,  the  total  capacity  of  which  equals  the  run-off  from  1,670 
square  miles  of  drainage  area,  which  is  equivalent  to  23  per  cent  of 
the  entire  drainage  area  above  Augusta.  The  facts  concerning  these 
reservoir  sites  are  given  in  Table  9: 

Table  9. — Selected  reservoir  sites  in  the  Savannah  River  basin. 


Stream  and  location. 


Kaowee  RiTer:  Pte]DaBsCa«int]r^S.C . 
Little  Rivor,  Oconee  Countr,  S.  C . . 
TiralyemUB  Creel^  Pteksiu  ComAj, 

S.C 

Twantv-tliree  Mile  Creek,  Ander- 
son County,  8.  C 

ConneroM  C^eek,  Oconee  Coanty, 

S.C 

ToEaloo  River,  southwest  Oconee 

flinty,  8.  C 

Ghattooga    Rirer,  west    Oconee 

County,  8.  C 

Do 

Tallolah  River|Rabun  County,  Ga. 
Soatti    Fork  RlTer,    Oglethorpe 

Coanty,  Qa i. 

Bioad  River,  Miuttson  Coanty,  Oa . 
Hudson  River,  Banks  County,  Qa . 
Beayer  Dam  Cnek  east  of  Elber- 

ton,  Ga 

RockV  River,  near  Lowndesville, 

^.(^•.•..••.•••.•••.-•••••••••--•* 
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Catch- 
ment 
area. 


Square 

miles. 
270 
90 

IGO 

150 

80 

260 

120 
190 
130 

260 
440 
180 

110 

240 


Mean 
annual 
ran-ofl 

per 
square 

mile. 


Cubic  fl. 

per  sec. 
3.45 
3.45 

a  45 

3.45 

3.45 

3.45 

3.45 
3.45 
4.35 

1.89 
1.80 
1.89 

1.89 

1.89 


Plow 
avail- 
able. 


Cubic  ft. 

per  sec. 
930 
310 

550 

520 

280 

900 

410 
660 
670 

490 
830 
340 

210 

450 


Capacity 
of 
reser- 
voir. 


iflOOfiOO 
cu.ft. 
25,130 
8,480 

2,210 
15,370 

1,700 

11,870 

9,470 

15,920 

2,440 

1,940 

28,590 

4,680 

7,030 

9,680 


Capacity 

of 
reservoir 
in  catch- 
ment 
area. 

Height 

of 
dam. 

Square 
miles. 
230 
80 

Feet. 
150 
100 

20 

50 

140 

70 

20 

50 

110 

100 

90 

140 

20 

150 

150 

90 

30 
440 

80 

50 
98 
50 

110 

98 

160 

100 

Area 
of 

flow 
line. 


Acres, 
11,340 
5,820 

3,030 

6,620 

2,330 

8,140 

3,310 
4,690 
1,860 

2,600 

17,850 

6,120 

3,960 

6,580 
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Assuming  that  these  reservoirs  have  been  constructed  and  thftt 
they  have  been  filled  with  flood  waters  w^hich,  in  the  present  unny- 
strained  state,  do  so  great  damage  along  the  Savannah,  what  will  be 
the  effect  in  tlie  cross  section  of  the  river  at  Augusta  if  the  water  is 
allowed  to  escape  during  the  low- water  season?  The  long  series  of 
recorda  obtained  by  the  United  States  Geological  Survey  at  Augusta 
makes  the  determination  of  this  point  extremely  simple.  The  results 
are  embodied  in  Table  10,  which  shows  the  periods  during  which 
increased  depth  could  be  maintained  at  Augusta. 

Table  10. — Savannah  River. 


Increase 
ot  stage. 

Flow 
required. 

Cubic  feet 

per  sec. 

690 

1,770 

3,130 

4,650 

6.270 

7.990 

9;  810 

11,730 

13,750 

Duration  of  Oow. 

• 

Reser\'oirs 
lull. 

Heservoirs 

three- 

fourth.s 

full. 

Reservoirs 

one-half 

fuU. 

Feet. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Days. 
2,260 
920 
520 
350 
260 
204 
166 
139 
118 

Days. 
1,700 
690 
390 
263 
195 
153 
124 
104 
89 

Daps. 

1,130 

460 

260 

175 

130 

102 

83 

70 

59 

The  facts  indicated  in  Table  10  are  the  most  remarkable  yet  pre- 
sented. The  amount  of  water  that  may  be  stored  in  these  reservoirs 
is  sufficient  to  maintain  an  added  depth  of  9  feet  at  the  Augusta  cross 
section  for  a  period  of  one  hundred  and  eighteen ,  days,  which  is 
equivalent  to  an  assumed  low-water  season  of  four  months.  Even  if 
the  reservoirs  were  only  one-half  full  at  the  beginning  of  the  low- 
water  season  there  would  still  be  an  amount  of  water  sufficient  to  add 
an  additional  5  feet  to  the  river  for  a  period  of  one  hundred  and  thirty 
days.  The  reservoir  capacity  set  forth  in  Table  10  is  probably 
greater  than  it  would  be  necessary  or  economical  to  build.  It  is  not 
the  function  of  this  paper  to  determine  upon  the  proper  capacity  for 
development.  On  the  contrary,  the  aim  is  to  show  only  a  part  of  the 
possibilities  of  water  conservation.  Neither  in  the  case  of  the 
Savannah  nor  any  other  river  discussed  in  this  paper  have  the 
examinations  been  sufficiently  extensive  to  give  all  the  possibilities. 
Having  discovered  and  verified  a  sufficient  number  for  the  purposes  in 
view,  the  search  has  been  discontinued.  It  should  be  remembered, 
also,  that  these  possibilities  are  not  confined  in  their  application  to 
the  benefits  to  navigation,  but  extend  to  the  prevention  of  floods, 
to  the  increase  of  water  power  and  to  all  the  other  useful  purposes  to 
which  water  is  put. 
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The  Savannah  River  is  an  important  stream  commercially.  Dur- 
ing the  year  1904  seven  steamers  were  engaged  in  river  traffic,  making 
300  round  trips  between  Savannah  and  Augusta  and  carrying  61,353 
tons  of  freight.  There  were  also  received  at  Savannah  from  this 
river  in  small  boats  and  lighters  107,000  bushels  of  rice,  valued  at 
SS2y600,  and  timber  valued  at  $330,000.  But  the  stretch  between 
Savannah  and  Augusta  would  become  a  far  more  important  artery 
of  commerce  than  it  is  if  a  good  navigable  depth  could  at  all  times  be 
assured. 

ALTAMAHA   RIVER. 

• 

Navigation  on  the  Altamaha  River  and  its  tributaries  covers  480 
miles;  131  miles  from  the  mouth  to  the  junction  of  the  Oconee  and 
Ocmulgee  rivers,  147  miles  up  the  Oconee  to  Milledgeville,  and  202 
miles  up  the  Ocmulgee  to  Macon.  The  Oconee  at  ordinary  stages 
is  navigable  only  to  a  point  about  25  miles  above  .Dublin,  Ga.,  or  a 
distance  of  104  miles  from  the  confluence,  while  the  Ocmulgee  during 
recent  years  has  not  been  navigable,  except  at  high  water,  above 
Hawkinsville,  a  distance  of  133  miles  from  the  confluence. 

Navigation  on  the  Altamaha  consists  largely  of  the  rafting  of  lum- 
ber. During  1904  109,000,000  feet,  valued  at  $1,350,000,  passed 
down  the  river.  The  majority  of  this  timber  came  from  the  Oconee 
and  Ocmulgee  rivers,  though  about  49,000,000  feet  originated  on  the 
Altamaha.     There  were  also  4,500  tons  of  freight,  valued  at  $200,000. 

The  present  project  of  the  Government  for  the  improvement  of 
the  Altamaha  River  provides  for  the  establishment  of  a  channel 
3  feet  deep  at  sunmier  low  water,  to  be  accomplished  by  removing 
shoals  and  sand  bars,  building  deflecting  dikes,  and  inclosing  incipient 
cut-oflfs.  The  amount  expended  on  the  work  under  the  present 
project  was,  up  to  June  30,  1905,  $74,362,  of  which  $9,000  was  for 
maintenance.  This  added  to  the  amount  previously  expended  gives 
a  total  of  $144,139.  The  estimated  cost  of  the  completion  of  the 
project  is  $259,000. 

Oconee. — On  the  Oconee  River  the  present  Government  project 
provides  for  the  establishment  of  a  navigable  channel  3  feet  deep  at 
ordinary  summer  low  water  from  Milledgeville  to  the  mouth,  at  a  cost 
estimated  at  $171,000.  The  amount  expended  on  this  project  to 
June  30,  1905,  was  $153,808.  In  1904  the  amount  of  freight  was 
32,160  tons,  valued  at  $443,225.  In  addition  to  this,  60,000,000  feet 
of  liunber  were  rafted  down  the  stream.  In  spite  of  all  expenditures 
the  summer  low- water  depth  is  about  2  J  feet  between  the  forks  and  a 
point  25  miles  above  Dublin,  and  1 J  feet  between  this  point  and  Mill- 
edgeville. The  river  occasionally  falls  below  this  stage  and  fre- 
quently rises  to  20  feet  above  it. 
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.  Consideratioii  will  here  be  given  oiily  to  the  main  stream  and  the 
Ocoivee,  because  the  surveys  made  under  the  Appalaehian  National 
Forest  project  do  not  include  the  headwaters  of  the  Ocmulgee,  in 
which  region  there  are  many  good  reservoir  sites  which,  if  developed, 
would  probably  have  as  great  beneficial  effects  on  the  main  stream  as 
those  now  to  be  discussed  on  the  Oconee.  Table  1 1  shows  the  reser- 
voir sites  which  have  been  selected  in  the  Oconee  drainage  basin. 

Table  11. — Selected  reservoir  sites  in  the  Oconee  River  basin. 


Stream  and  location. 

Catch- 
ment 
area. 

Mean 

annual 
run-ofl 

per 

square 

mile. 

Flow 
avail- 
able. 

Capacity 
Capacity     of  res- 
of       ,  ervoir  in 
reser-        catch- 
voir.         ment 

)    area. 

1 

IIeifi;ht 
dam. 

FeeL 
74 

08 

Area 
of 

flow 
Hnp, 

OoQoee  Riv«r.  Jaekaon  Cotmty,  Oa. 
Middle  and  Mulberry  Forks,  Jack- 
son CountT.  Qa. 

Square 
fniles. 
170 

840 

CuhiefL 

per  sec. 

1.18 

1.18 

Cubic  ft  i  IfiOOfiOO     Square 
per  sec  \cubic/eel.     miles. 
200  1       8,200  1           170 

40O         \3.saii  ,           340 

Acres. 
6,870 

6,2W 

I                1 

The  two  enormous  reservoir  sites  set  forth  in  Table  11  will  con- 
serve the  mean  annual  discharge  from  510  square  miles  of  drainage 
area,  and  the  total  storage  capacity  will  be  21;780,000,000  cubic 
feet.  The  Geological  Survey  has  for  many  years  main  tamed  a  station 
on  the  Oconee  River  at  Dublin.  The  discharge  of  water  from  these 
reservoirs  at  different  rates  and  under  different  conditions  and  the 
effects  upon  the  river  stage  at  that  point  are  given  m  Table  12: 

Table  12. — Oconee  River. 


Increase 
of  stage. 

Flow 
requited. 

Duration  of  flow. 

Reservoirs 
full. 

Reservoirs 
three- 
fourths 

Reservoirs 

one-half 

full. 

Feet. 
1 
2 
3 
4 
5 

Cubic  feet 
per  sec. 
475 
1,130 
1,840 
2,610 
3,510 

Days. 

460 

IM 

119 

84 

62 

Days. 

34C 

145 

89 

63 

47 

Daifs. 
2aff 
97 
60 
42 
31 

CHATTAHOOCUEE    RIVEE. 

On  the  Chattahoochee  River  conditions  are  similar  to  those  along 
other  coastal  streams  which  have  been  considered.  The  difficulties 
are  lack  of  navigable  depth  at  low-water  seasons  of  the  year,  in  spite 
of  the  expenditure  of  large  sums  of  money  by  the  Government.  No 
increased  depth  has  been  gained,  and  each  season  has  brought  in 
greater  quantities  of  sand,  filling  the  original  river  bed  and  gradually 
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changing  its  legimen.  It  is  the  endaayor  to  maintain  a  4-foot  draft 
ai  ordinaiy  low  water,  but  during  some  seasons  a  scant  3  feet  can 
be  carried.  It  is  appamnt,  then,  that  the  greatest  need  along  the 
Chattahoochee  is  extra  depth.  Sufficient  water  can  be  stored  in 
upland  reBervoirs  to  {oovide  this.  There  are  many  good  reser- 
voir sites  in  the  CSiatti^oochee  basin ;  but  of  these,  four  are  espe- 
cially recommended.  Their  locations  and  characteristics  appear  in 
Tabic  13: 

Table  13. — Selected  reservoir  sites  in  the  Chattahoochee  River  basin. 


StTeam  and  locatleA. 


Chattahoochee    River    north   of 

OalnesTflle,  Om. 

Cheatatee    Rl^vr    northivvflt    at 

OAlMsvlBe,  Oa. 

Chatatee  RJrer  east  of  Dahlo- 

WBB,Oa 

ClMttahooohee  River  east  of  White 

Comty,  Oa 


Catch- 
meat 
area. 


BquoFe 

milcM. 
S80 

140 

ISO 

ItO 


Mean 
annual 

TUB'Klfl 

per 

square 

mile. 


Cvhicfi, 

per  sec. 

2.34 

3.M 

2.94 
2.34 


Flow 
avail- 
able. 


Cftfttcity 

of  nser- 

voir. 


Capacity 
of  reser- 
Toir  in 
catch- 
ment 
area. 


HeiKht 
dam. 


(hOfieft.    l^OOdfiOO 


per  sec 
830 

sse 

350 

2eo 


cubic  fret. 
24,  MO 

10,640 

3,300 

5,520 


SqwMTt 
miles. 
320 

140 

40 

70 


Feet 
140 

100 

100 

100 


Area 

of 

flow 

lino. 


Acres. 
11,110 

7,300 

2,200 

3,790 


The  mean  annual  flow  from  570  square  miles  can  be  entirely 
retained  in  these  reservoirs.  This  amounts  to  17  per  cent  of  the 
entire  drainage  area  above  West  Point  The  effect  of  the  dischai^e 
of  water  from  these  reservoirs  during  low-water  seasons  has  been 
mieasured  along  the  section  of  the  river  at  West  Pmnt  where  a  gaug- 
ing station  is  maintained  by  the  United  States  Geological  Survey. 
It  should  be  noted  that  the  West  Point  station  is  in  a  steep  portion 
of  the  stream  and  that  the  increase  of  stage  here  with  a  given  quan* 
tity  of  water  is  not  as  great  as  it  would  be  along  the  flat  navigable 
part  of  the  river  below  Columbus,  Ga.  Table  14  contains  figures 
concerning  the  increase  of  stage  at  West  Point : 

Table  14. — Chattahoochee  River. 


Ineveaae 
of  stage. 

Flow 
required. 

Duration  of  flow. 

Reservoirs 
full. 

Rfoicrvoini 

thrpo- 

fourthfl 

fuU. 

■ 

Rcsorvoirs 
;   oo€^half 
full. 

Ftet. 

1 
2 
8 

4 

(htbicffft 
per  sec. 
1,150 
2,800 
5,050 
8,054 

Days. 

430 

177 

98 

62 

Days. 

324 

133 

74 

46 

Days. 

215 

88 

49 

31 

This  completes  the  consideration  of  those  Atlantic  coast  and  Gulf 
rivers  which  collect  a  considerable  part  of  their  water  within  the  area 
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proposed  as  the  Southern  Appalachian  National  Forest.  It  will  be 
seen  that  transportation  on  some  of  these  rivers  has  been  maintained 
in  spite  of  the  fact  that  at  certain  places  navigable  stages  can  not 
be  guaranteed  throughout  the  year.  On  other  rivers  traffic  haa 
waned  because  it  has  been  found  impossible  or  too  expensive  to 
maintain  the  proper  navigable  stage  throughout  the  year.  The 
regions  traversed  or  drained  by  these  rivers  have,  therefore,  never 
had  an  opportunity  to  show  how  they  might  develop  under  an  open 
system  of  navigation  that  could  be  depended  on  and  that  would 
encourage  the  construction  and  operation  of  modem  steamboat 
lines. 

BIVEBS  WHICH  DRAIN  INTO  THE  OHIO. 

The  problem  of  maintaining  navigable  depth  in  streams  heading 
on  the  western  slope  of  the  Southern  Appalachian  Mountains  is 
somewhat  more  complex  than  in  those  flowing  from  the  eastern  side. 
When  the  conserved  water  on  the  eastern  side  has  fulfilled  its  purpose 
of  maintainmg  navigation  on  the  coastal  streams  during  low-water 
seasons  it  passes  into  the  Atlantic  Ocean  and  is  of  no  further  use  to 
inland  shipping.  When  the  stored  water  on  the  western  slope  haa 
served  the  same  purpose  it  passes  into  the  Ohio  River,  thereby  con- 
tinuing its  usefulness  throughout  the  entire  navigable  length  of  that 
stream  and  even  down  into  the  Mississippi.  It  is  necessary,  there- 
fore, not  only  to  consider  the  various  tributaries  of  the  Ohio  in  the 
manner  heretofore  pursued,  but  their  combined  eflFect  upon  the  main 
st^m  of  the  Ohio  as  well. 

No  treatment  of  water  supply  and  navigation  in  the  Ohio  can  be 
complete  unless  the  Allegheny  and  the  other  northern  tributaries  are 
considered,  but  as  their  basins  lie  beyond  the  area  of  the  proposed 
National  Forest  the  scope  of  this  paper  must  be  confined  fo  the 
southern  tributaries. 

MONONGAHELA    RIVER. 

The  Monongahela  River  joins  the  Allegheny  at  Pittsburg  to  form 
the  Ohio.  Its  channel  is  canalized  from  its  mouth  up  to  Fairmont, 
W.  Va.,  the  slack-water  system  comprising  15  dams  and  19  locks. 
The  89  miles  of  channel  in  Pennsylvania  was  in  its  original  condition 
prior  to  1840  navigable  for  steamboats  only  at  high  stages,  while 
that  part  in  West  Virginia  was,  in  its  original  condition,  impeded  at 
high  water  by  a  swift  current  due  to  a  fall  of  about  2  feet  per  mile. 
At  low  stages  it  was  obstructed  by  shoals  and  numerous  gravel  and 
rock  bars.  Steamboat  navigation  was  practicable  at  high  stages 
as  far  upstream  as  Morgantown,  W.  Va. 

The  old  Monongahela  Navigation  Company  improved  the  river 
from  Pittsburg  to  the  West  Virginia  State  line  by  building  7  locks 
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and  dams  for  slack-water  navigation.  The  United  States  continued 
the  improvement  above  the  highest  dam  of  this  company  and  com- 
pleted the  project  in  November,  1889,  with  the  result  that  boats 
drawing  5.2  feet  of  water  could  navigate  in  low  stages  as  far  upstream 
as  Morgantown,  W.  Va.  Further  national  improvement  consisted 
of  the  construction  of  6  more  locks  and  dams,  Nos.  10  to  15,  inclusive, 
extending  from  Morgantown  to  Fairmont,  W.  Va.  Subsequently 
the  United  States  piu'chased  the  property  of  the  Monongahela 
Navigation  Company  for  $3,766,615,  and  the  total  cost  for  improve- 
ment of  Monongahela' River  up  to  Jime  30,  1905,  including  this 
pTirchase  money,  was  $6,023,605.  For  maintenance  of  these  locks 
and  dams  up  to  June  30, 1905,  the  United  States  had  paid  $1,694,384, 
and  the  amount  expended  during  the  fiscal  year  ending  at  that 
date  was  $234,070, 

From  1902  to  1905,  inclusive,  the  tonnage  carried  on  the  Monon- 
gahela amounted  to  9,600,000  annually,  except  in  1903,  when  the 
total  was  11,369,814  tons,  but  during  this  period  the  passenger  traffic 
steadily  declined. 

The  Monongahela  is  formed  a  short  distance  above  Fairmont  by 
the  junction  of  the  Tygarts  Valley  River  and  the  West  Fork.  The 
former  stream  drains  an  area  of  about  1,390  square  miles  of  rugged 
country.  The  valley  is  valuable  in  mineral  and  timber  products, 
but  the  excessive  fall  of  the  channel  precludes  the  hope  that  it  will 
be  developed  for  navigation.  West  Fork,  the  other  affluent,  is  com- 
paratively sluggish  and  has  practically  the  same  slope  as  the  Monon- 
gahela above  the  Pennsylvania  line.  Therefore  it  is  readily  adapted 
for  navigation  as  far  as  Clarksburg,  W.  Va.,  with  the  depth  which  can 
be  easily  maintained  at  low  water,  either  by  the  method  of  channel 
adjustment  or  by  conservation.  One-half  the  flow  of  the  West  Fork 
can  be  controlled,  which  would  maintain  the  river  at  an  almost  con- 
stant stage  throughout  the  year. 

The  Monongahela  system  of  locks  and  dams  was  constructed,  so 
far  as  public  records  show,  without  any  suitable  investigation  of  the 
possibilities  of  maintaining  navigable  stage  in  the  river  by  conserva- 
tion of  flood  waters.  The  idea  that  it  might  be  possible  to  maintain 
navigable  stage  during  low-water  seasons  by  saving  some  of  the 
water  wasted  during  spring  floods  appears  not  to  have  been  consid- 
ered. The  dams  were  constructed  in  the  face  of  the  knowledge  that 
maintenance  charges  would  be  heavy  and  would  continue  generation 
after  generation.  The  fact  that  they  might  be  used  for  power  devel- 
opment if  sufficient  summer  flow  were  provided  and  so  become  self- 
supporting  seems  not  to  have  made  a  strong  impression.  If  this 
possibility  had  been  taken  into  account  it  would  not  have  been  neces- 
sary to  construct  as  many  locks  and  dams  as  now  exist  along  the 
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riv^r.     The  eatire  system  up  to  Morgaatown  mi^t  hav^  been  abol- 
ished, as  can  be  shown  by  information  at  hand« 

There  are  in  the  Monongahda  River  basin  eleYQ^  reservoir  sites  of 
a  capacity  sufficient  to  store  the  entire  mean  annual  flow  from  l,d50 
square  miles.  Detailed  facts  concerning  these  reservoirs  are  set 
forth  in  Table  15: 

Table  15- — Selected  reservoir  sites  in  the  Monon^ahela  River  basin. 


Stroam  and  location. 


Dunkard     Creek,     Monongabela 

County,  W.  Va 

Builalo  Creek,  Mannington,  W.  Va 
Bootiis Creek,  Monongah,  W.  Va. 

Sandy  Creek,  Grafton,  W,  Va 

Teter  Creek,  NestorviUe,  W.  Va. . 

£lk  Creok,  Clarksburg,  W.  Va 

West    Fork    River,    Claxksbuig, 

W.Va 

Buckhannon  River,  Buckhannon, 

W.Va 

Middle    Fork    Tygart,    Barbour 

County,  W.Va 

Cheat    KivBT,    Tucker    County, 

W.Va '. 

Tygart  River,  Beveriy,  W.  Va 


Meui    1 

Capactty 

Catch- 
ment 
area. 

annuid 
nxn-ofl 

per 
square 

Flow 
avail- 
able. 

Capacity 
of  reser- 
voir. 

of  reser- 
voir in 
catch- 

mile. 

k 

area. 

Square 

Cubic  ft. 

OuMe/t 

'  ijOOQfiOO 

Bqwwe 

miles. 

per  sec. 

per  sec. 

cubic  feet. 

miles. 

160 

1.7 

270 

8,300 

150 

40 

1.7 

70 

2,400 

40 

40 

1.7 

70 

2,800 

40 

80 

1.7 

140 

6,200 

80 

40 

1.7 

fiO 

2,600 

40 

100 

1.7 

170 

5,000 

100 

3S0 

1.7 

640 

24,700 

380 

310 

1.7 

530 

18,800 

310 

140 

1.7 

230 

8,100 

140 

820 

1.7 

1,400 

23,800 

440 

330 

1.7 

5G0 

19,100 

330 

H^t 


Feet. 

iOO 

69 

101 

155 

lis 

92 
109 

77 

107 

200 
142 


Area 

of 

flow 

Une. 


Aeret. 
5,800 
2,100 
1,000 
3,600 

i,ai» 
4,  no 

15,900 

13,300 

4,300 

6,000 
10,000 


With  the  above  reservoirs  in  operation,  the  entire  flow  from  2,050 
square  miies,  or  35  per  cent  of  the  drainage  area  of  the  Monongahela 
above  the  month  of  the  Youghiogheny,  can  be  cut  out  of  the  drain- 
age system  for  a  year,  or,  in  other  words,  they  can  retain  an  entire 
year's  flow  from  that  area  until  such  a  time  as  the  conditions  on  the 
lower  river  make  it  necessary  to  use  the  water  for  purposes  of  "navi- 
gation. In  order  to  show  what  additional  depth  might  be  main- 
tained on  the  Monongahela,  three  sections  have  been  sounded,  meas- 
ured and  rated,  so  that  the  effect  of  discharge  on  the  stage  of  water 
may  be  accurately  determined.  These  sections  are  as  follows:  First, 
about  one-half  mile  below  the  bridge  at  Morgan  town,  W.  Va. ;  second, 
at  Brownsville,  Pa.;  third,  below  McKeesport,  Pa.  These  sectioiia 
were  chosen  so  as  to  cover  the  extreme  and  average  ranges  of  slope  in 
the  canalized  portion  of  the  river  below  Mjorgantown. 

Table  16,  similar  to  those  already  presented,  shows  w^hat  may  be 
accomplished  in  the  Monongahela  by  proper  manipulation  of  storage 
reservoirs. 
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Table  16. — Mfmonngahda  Ris)er. 

SECTION  BELOW  MOBQAXTOWl^  BRIDGE. 


XnaeuB 

of  stage. 

Jlow 

required. 

DuEfttion  of  flow. 

BMervoln 

fuU. 

Resen'olrs 

three- 

fonrths 

llUL 

RGBervoira 

one-half 

full. 

Feet, 
1 
2 

3 
4 
5 
6 

Cubic  feet 
vertec. 
545 
1,280 
2,300 
3,600 
5,030 
6,760 

1.650 
760 
392 
ISO 
179 
133 

Dope, 

1,240 
525 

293 

188 
134 
100 

JMXJfB, 

«?5 
350 
196 
125 
90 
66 

SECTION  AT  BROWNSVILLE,  PA. 


1 

730 

1,746 

1,300 

«70 

2 

1,700 

730 

550 

365 

3 

3,070 

410 

310 

205 

4 

4,670 

270 

208 

135 

5 

6,S70 

193 

145 

96 

6 

«,730 

139 

104 

76 

SECTION  BELOW  McKEEBPORT,  PA. 


1 

1,080 

1,500 

1,120 

750 

2 

2,470 

650 

490 

325 

3 

3,940 

410 

310 

205 

4 

5,840 

280 

210 

140 

b 

8,000 

200 

150 

100 

6 

10,340 

156 

117 

78 

Table  16  may  be  interpreted  thus:  A  stage  of  water  in  the  Monon- 
gahela  6  leet  additioaal  to  tiiat  caused  by  the  normal  dry  season 
flow  may  be  maintained  throughout  the  longest  dry  season  ever 
known  in  the  history  of  the  river.  The  money  used  for  slack-water 
jMivigation  might  better  have  been  spent  in  the  hills,  but  now  that 
the  dams  are  erected  the  proper  course  is  to  reserve  the  Mononga- 
hela  highlands  and  to  produce  profitable  powder  on  these  dams  so 
ihsit  tibe  system  will  be  self-supporting. 

Youghiogheny. — ^The  Yougliiogheny  is  the  most  important  tribu- 
tary of  the  Monongahela.  Its  drainage  basin  lies  within  the  State 
of  Peaansylvania  and  comprises  1,750  square  miles.  It  joins  the 
Monongahela  at  McKeesport,  15  miles  above  the  Ohio. 

Narigatictti  on  the  Youghiogheny  has  given  considerable  trouble  in 
tbe  past.  About  1850  a  company  was  chartered  by  the  State  of 
Penxisylvama  to  build  2  locks  and  dams  to  carr^"  the  slack  w^ater  12 
Bsiles  to  Alpsville.  The  lock  had  hfts  of  from  12  to  15  feet,  but  the 
structures  were  not  well  built,  traffic  was  small,  and  they  were  finally 
destroyed  by  floods  and  ioe.  The  report  of  the  Chief  of  Engineers, 
U.  S.  Army,  for  1900  recommends  the  extension  of  the  slack-water 

vigation  as  far  up  as  ConnellsviUe.     The  proposition  involves  the 
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construction  of  locks  and  dams  at  the  head  of  Little  Falls,  at  the 
head  of  Middleshoot;  and  at  the  rapids  above  Great  Falls.  The  total 
cost  of  these  3  locks  and  dams  wa^s  estimated  at  about  $600,000. 

Along  the  entire  length  of  the  Youghiogheny,  from  its  mouth  to 
Connellsville,  there  are  heavy  deposits  of  bituminous  coal,  and  Con- 
nellsville  is  the  center  of  the  coke  and  iron  district.  The  Ohio  River 
affords  a  convenient  outlet  for  these  products.  The  prospective 
annual  river  tonnage,  exclusive  of  coal,  is  estimated  to  amount  to 
something  like  75,000  tons,  and  it  is  further  estimated  that  a  Youghio- 
gheny slack-water  system  would  take  not  less  than  40  per  cent  of 
the  coal  lying  near  the  river  away  from  the  railroads.  The  output 
in  1898  was  1,576,097  tons. 

The  great  difficulty  in  the  way  of  the  development  of  the  Youghio- 
gheny arises  from  the  steep  slope  of  the  channel,  and,  more  important, 
the  exceedingly  small  supply  of  water  during  summer  and  fall.  In 
1904  the  minimum  run-off  of  the  Youghiogheny  at  Connellsville  was 
only  about  59  cubic  feet  per  second.  Out  of  the  93  days  during  the 
last  three  months  of  the  year  the  river  discharged  less  than  150  cubic 
feet  per  second  for  87  days. 

Table  17  gives  facts  concerning  selected  reservoirs  in  the  Youghio- 
gheny basin.  The  area  covered  does  not  include  the  tributary  basins 
of  Laurel  and  Castleman^s  rivers,  which  comprise  32  per  cent  of  the 
entire  Youghiogheny  drainage  area.  Rapid  reconnaissance  of  these 
tributaries  shows  them  to  be  at  least  as  well  supplied  with  reservoir 
sites  as  the  Upper  Youghiogheny  itself. 

Table  17. — Selected  reservoir  sites  in  the  Youghiogheny  River  basin. 


Stream  and  location. 


Yoii 


oiiffhlogl 


leny  River,  Friendsvllle, 


Deep  Creek,  Garrett  County,  Md. . 
Cherry  Creek,  Oarn»lt  County,  Md 
Muddy  Creek,  Garrett  County,  Md 
Herrlugton  Creek,  Garrett  County, 
Md 


Catch- 
ment 
area. 


Mean 
annual 
run -off 

per 
square 

mile. 


Flow 
avail- 
able. 


Square 

Cubic  ft. 

Cubic  ft. 

miles. 

per  sec. 

per  tec. 

270 

2.47 

690 

55 

2.47 

136 

65 

2.47 

136 

13 

2.47 

32 

13 

2.47 

32 

Capacity 

Capacity  j       of 

neight 
dam. 

Area 

of       1  reservoir 

of 

reser- 

in catch- 

flow 

voir. 

ment 

line. 

area. 
Square 

1,000,000 

cubic  feet. 

miles. 

FeeL 

Acres, 

20.270 

255 

240 

4,220 

4,603 

55 

83 

3,200 

4,912 

5.5 

64 

3,990 

1,065 

13 

70 

1,100 

900 

11 

60 

7G0 

Table  17  shows  that  the  storage  capacity  is  not  sufficient  to  pro- 
vide a  navigable  stage  in  Youghiogheny  River  during  the  low-water 
season,  and  it  is  doubtful  whether  if  the  additional  storage  on  the 
unsurveyed  portions  of  the  basin  were  taken  into  account  there 
would  be  a  sufficient  supply  for  this  purpose.  The  course  of  the 
river  below  Connells\aIle  is  fairly  steep,  and  here  is  presented  one  of 
the  cases  in  which  canalization  is  apparently  the  only  solution.  In 
connection  with  the  plans  for  such  work,  it  will  be  well  to  consider 

[CIr.  143] 


29 

the  possibility  of  making  this  slack-water  system  pay  for  itself  by 
utilizing  the  excellent  power  possibilities  that  will  be  made  available 
at  the  dams.  The  part  of  the  river  that  it  is  proposed  to  canalize 
is  in  the  midst  of  a  great  center  of  industry,  and  the  power  derived 
would  find  a  ready  market  at  prices  that  would  make  the  investment 
remunerative.  There  is  presented  here  a  condition  identical  with 
that  on  the  Monongahela  before  canalization,  but  here  there  is  the 
added  advantage  that  the  proposed  Youghiogheny  system  is  a  new 
one  and  no  mistake  need  be  made.  The  way  to  utilize  the  available 
power  along  this  stream  is  to  develop  coincidently  with  canalization 
the  conservation  system  outlined  in  Table  17  and  to  provide  that 
the  upland  area  shall  be  set  apart  as  a  reserve,  so  that  the  natural 
conditions  of  forestation  will  not  be  destroyed. 

The  dams  constructed  for  slack-water  navigation,  according  to  the 
plans  that  have  been  approved  by  the  Chief  of  Engineers,  U.  S.  Army, 
will  aflFord  a  total  fall  of  30  feet.  The  minimum  flow  for  the  six 
highest  months  along  this  portion  of  the  Youghiogheny  is  about  1,000 
cubic  feet  per  second,  while  the  water  from  the  above-mentioned 
reservoirs  if  distributed  over  twelve  months  would  be  about  950  cubic 
feet  per  second.  Considering  only  the  minimum  flow  for  the  six 
highest  months  and  the  proper  manipulation  of  the  water  in  storage, 
there  would  be  insured  a  discharge  of  at  least  1,500  cubic  feet  per 
second  throughout  the  year  at  the  various  dams  proposed  under  the 
slack-water  system.  This  amount  of  water,  allowing  for  necessary 
loss  by  leakage  and  lockage,  would  insure  the  production  of  4,100 
horsepower,  which  would  at  times  be  greatly  exceeded.  Figuring  on 
an  average  rental  of  $20  per  horsepower  per  year  (it  would  be  consid- 
erably greater  in  this  situation),  the  total  income  would  be  $82,000, 
which  represents  an  interest  of  3  per  cent  on  about  $2,700,000. 

This  provides  a  specific  illustration  of  the  policy  that  should  prevail 
in  connection  with  improvements  for  inland  navigation.  Under  it 
water  and  power  now  wasted  would  be  put  to  productive  use  and  the 
cost  of  the  canalization  and  conservation  would  be  returned,  in  marked 
contrast  to  the  present  policy,  which  involves  a  constant  drain  on  the 
National  Treasury. 

KANAWHA   RIVER. 

The  project  for  improvement  of  navigation  on  Kanawha  River, 
adopted  in  1875,  provided  for  maintaining  a  depth  of  6  feet  through- 
out the  year  over  a  distance  of  96  miles  from  its  confluence  with  the 
Ohio.  For  79  miles,  or  from  the  confluence  up  to  Paint  Creek,  this 
was  accomplished  by  8  movable  dams  and  for  the  remainder  of  the  dis- 
tance by  2  fixed  dams.  These  dams  have  been  completed  and  are  now 
in  operation.  Up  to  June  30,  1905,  the  United  States  had  expended 
$4,124,526  for  improvement  and  $656,986  for  care  and  operation,  the 
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latter  cxp^ise  increaaiBg  aaiuially.  The  comnierce  on  ihe  liirer  tor 
the  caleiKlar  year  1905  amounted  U>  1^613,8^  toos,  with  a  valifatioiKil 
•6,865,521,  agaiuBt  1,233453  tonfi,  with  a  vahiaticm  of  $7,899yOOG,  fcr 
the  year  1^4. 

It  is  proposed  to  show  what  the  effect  would  have  been  on  the 
ori^nal  bed  of  Kanawha  River,  before  the  introduction  oi  the  pi«senit 
eaaalizati^m  system,  had  (the  possibilities  for  ec»SLserva^oii  been  util- 
ized, and  to  show  that  the  great  expeaaditures  for  canaiizaiioai  laai^bt 
have  been  avoided  and  a  lai^ge  part,  at  any  rate,  of  the  mtmej  so 
expez^ed  used  for  the  CQaftstaiictlaii  of  reservoirs  in  the  ra<^fflTif<^jrna, 
The  problem  is  similar  to  that  just  consitdered  on  the  Moi^oogafaela. 

Topographic  survey  of  the  Kanawha  drainage  area  i^veals  17  reser- 
voir sites  having  a  storage  capacity  of  280,750,000,000  cubic  feet,  suf- 
ficient to  retain  the  annual  nixHoff  from  5,180  square  miles  m  the 
drainage  area,  or  about  43  per  o^at  of  the  -entire  basin.  Detailed  facts 
condoning  these  reservoir  sites  are  set  forth  in  Table  18: 

Table  18. — Selected  reservoir  tites  in  the  Kanawha  River  bagin. 


Stream  and  location. 


Gatcb- 

ment 


Greenbrier      River,    Pocahontas 

County,  W.  Va 

Elk  River,  Clay  County,  W.  Va. . . . 
Greenbrier  River,  Le  wis  burg, 

W.Va 

Meadow  River,  Greenbrier  County, 

W.Va 

Mnddlety  Creek,  Nicholas -County, 

W.Va..- 

B>ue  Cre^,  Kaoaawha  County,  W. 

Va 

Gauloy  River,  Fayette  County,  W. 

Va. .  - 

New  River,  above  mouth  Green- 

h  riex  Ri ver 

Walker  Creek,  Gllefl  County,  Va. . . 

New  River,  Radford,  Va 

Reed  Creek,  Wythe  County,  Va. .. . 
B\g  Rood  Island  Creek,  Pulaski 

County,  Va 

CilpplB  Creek,  Wythe  County,  Va- . 

New  River,  Carrotl  County,  Va 

Eighteen-Mile  Creek,   Putnam 

County,  W.Va 

Thlrceen-Milo  Creek,   Mason 

County,  W.  Va 

Poeotallgo  River,  Putnam  County, 

W.Va 


Square 
mdles. 
3S0 
940 

680 

180 

60 

fiO 

1,290 

3,600 
»10 

1,740 
28) 

880 

180 

1,290 

60 

80 

230 


Mean 
annual 
ruiwyff 
"  per 

BCtUaTB 

mile. 


Cvbicft. 

per  sec. 
1.44 
1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.6 
2.02 
2.02 
2.02 

2.  OB 
2.02 
2.02 

1.3 

1.8 

1.3 


Flow 

avail- 
abto. 


Cvibicft. 

per  sec. 

400 

1,350 

960 

250 

90 

90 

1,«60 

5,750 
620 

3,500 
610 

77fl 

370 

2,eB0 

80 

100 

300 


Cuwcity 

of  reser- 
voir. 

Oapactty 
of  reser- 
voir in 
catch- 
ment 

area. 

1,000,000 
cubic  feet. 
16,300 
49,900 

miles. 
330 
940 

32,900 

680 

8,000 

180 

3,40e 

60 

3,300 

60 

35,900 

780 

20.300 
6.650 

50.400 
6,400 

390 
iOO 
920 
160. 

4,000 

2,900 

19,400 

40 
800 

4,000 

60 

3,400 

80 

4,700 

110. 

Hetabt 


Feet. 
177 
190 

164 
80 
74 
97 

250 

U5 
110 
125 
MD 

MO 
100 
000 

«8 

61 
65 


Axea 

of 

flow 

tine. 


AereM. 
4,7W 
15,700 

11,600 

7,000 

2,600 

2,300 

7.a00 

8.000 

3,000 

23.000 

4,500 

S.«0O 
2.000 

«,aoo 

2,000 
2,000 

a,  900 


For  the  purpose  of  determining  the  effect  of  this  storage  upon  the 
stage  of  Kanawha  River,  two  sections  have  been  sorrejed  and  rated 
BO  that  the  effect  of  increased  discharge  on  gauge  heights  in  the  ehaiH 
nei  can  be  accurately  determined.  These  sections  ai;te  located  ooe 
above  Liock  No.  6,  wh^«  thenaturaJ  ^ope  was  fairly  steep  for  this  part 
of  the  river,  and  one  below  the  month  of  Elk  River^  w^here  ihe  efepe 
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was  very  slight.    The  effects  <rf  dischar^  from  storage  at  various  rates 
upon  the  stages  of  these  two  sections  are  set  forth  in  Table  19: 


TajbijB  19. — SunoMcha  River. 


SECTION  JL&OVE  LOCK  Ko.  6. 


fncnuG 

of  BtOgB. 

Flow 
xaquind. 

1 
'Duistioo  -oi  flow. 

BeflBrvoirs 
fiilL 

Reaen'oJrs 

tliitee- 

fourths 

fun. 

RaservoiiB 

ancybalf 

foH. 

Doys. 
«30 
425 
257 
174 
128 
96 
80 

Feet. 

1.; 

2 

3 

4 

6 

6 

'     7 

Cubicjeet 
1,570 

3,4ae 
a,«8o 

«,400 

11,400 
14,800 
18,300 

1,860 
850 
514 
347 
256 

m 

160 

Days.. 
1,400 
640 
380 
260 
192 
148 
120 

SECTION  BELOW  ELK  RIVEE. 
(About  2i  miles  abore  Lock  No.  6.) 


1 

2. 

8 

6 

7 

700 
i,6W 
2,650 
3,710 
5,000 
6,400 
8,000 

4,170 
1,7» 
1,100 
799 
580 
460 
365 

3,100 
L.S40 

830 
590 
440 
340 
270 

—                1 

2,085 
805 
550 
395 
290 
230 
182 

From  Table  19  it  is  seen  that  the  storage  proposed  on  the  upper 
drainage  area  is  sufficient  to  prolong  bI  the  steeper  section  an  addi- 
tioiial  7-foot  stage  for  a  period  of  one  hundred  and  sixty  days  w^ith 
reservoirs  full,  or  one  himdred  and  twenty  days  with  reservoirs  three- 
fourths  full,  while  at  the  flat  section  below  the  mouth  of  Elk  Rivw 
the  effect  is  far  more  marked  and  the  additional  discharge  of  8,000 
cubic  feet  per  second  raises  the  stage  7  feet.  The  possibilities  Along 
this  portion  of  the  river  for  the  maintenance  of  stage  by  stored  waters 
are  so  great  that  it  is  evident  that  the  installation  of  the  expensive 
lock  and  dam  system  was  unnecessary  throughout  that  portion,  at 
least,  in  which  the  movable  dams  have  been  installed. 

It  is  necessary  to  omit  from  this  paper  consideration  of  the  effects 
of  the  proposed  National  Forest  on  navigation  in  the  Big  Sandy,  Ken- 
tucky, and  Cumberland  rivers.  The  greater  part  of  the  headwaters 
of  the  Big  Sandy  and  smaller  portions  of  the  headwaters  of  tlie  other 
two  streams  are  included  within  the  proposed  area  and  therefore  their 
effects  upon  navigation  are  a  legitimate  consideration  in  this  paper, 
but,  unfortunately,  the  surveys  available  and  the  records  of  stream 
flow  are  not  sufficiently  complete  to  serve  as  a  basis. 
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TENNESSEE   RIVER. 

The  Tennessee  River  forms  a  system  of  internal  waterways  navi- 
gable by  steamboats  for  more  than  1;300  miles.  The  main  river, 
formed  by  the  jmiction  of  the  French  Broad  and  Holston  rivers,  4J 
miles  above  Knoxville,  Tenn.,  is  662  miles  long.  Throughout  the 
year  the  river  is  navigable  from  the  mouth  to  Riverton,  Ala.  Just 
above  Riverton,  at  Colbert  and  Bee  Tree  shoals,  a  lateral  canal  8 
miles  long  is  under  construction.  Another  canal  3  miles  long  is  pro- 
jected at  Little  Muscle  Shoals,  just  above  Florence,  Ala.,  and  the 
Muscle  Shoals  canal  crosses  the  Big  Muscle  and  Elk  River  shoals. 
There  is  now  no  through  traffic  covering  the  entire  year.  The  longest 
regular  boat  service  is  that  between  Chattanooga  and  Paducah. 

In  the  year  1904  the  tonnage  amoimted  to  1,607,000,  valued  at 
$30,000,000.  The  amoimt  allotted  for  Tennessee  River  improve- 
ments and  canals  up  to  Jime  30,  1905,  was  $7,170,000.  Of  this  sum 
$913,419  was  spent  for  operation,  care,  and  repair  of  Muscle  Shoals 
Canal  from  November  30,  1890,  to  Jxme  30, 1905. 

The  improvement  of  the  river  has  been  carried  on  in  three  sections — 
first,  that  part  of  the  river  above  Chattanooga,  Tenn. ;  second,  that 
lying  between  Chattanooga  and  Riverton,  Ala.,  and,  third,  that  from 
Riverton  to  the  mouth.  The  character  of  these  improvements  is  as 
follows: 

First  section:  above  Chattanooga. — The  attempt  here  is  to  obtain  by 
training  walls,  wing  dams,  and  dredging  a  low-water  channel  of  3  ^ 
feet  from  Chattanooga  to  the  mouth  of  French  Broad  River,  at  an 
estimated  cost  of  $650,000.  The  maximum  draft  that  can  be  carried 
at  mean  low  water  over  the  shallowest  places  in  this  section  is  about 
18  inches,  and  the  extreme  flood  oscillations  range  from  40  feet  at 
Knoxville  to  58  feet  at  Chattanooga.  The  very  small  depth  at  mean 
low  water  and  the  enormous  range  of  stage  in  the  river  are  quite  sug- 
gestive of  what  might  be  accomplished  in  the  maintenance  of  a  high 
navigable  stage  if  a  part  of  the  flood  waters  could  be  held  back  and 
distributed  through  the  low-water  season.  It  has  been  demon- 
strated that  the  desired  3-foot  stage  will  not  encourage  any  great 
amount  of  water  transportation  along  this  section  of  the  river, 
because,  as  has  been  said  in  this  paper,  transportation  conditions  are 
such  that  small-draft  boats  can  not  be  of>erated  with  profit.  A  later 
paragraph  will  show  what  may  be  accomplished  by  means  of  storage 
reservoirs. 

Second  section:  between  Chattanooga  and  Riverton. — This  section 
was  originally  obstructed  between  Chattanooga  and  Browns  Ferry 
by  bars,  bowlders,  and  reefs.  Navigation  is  possible  on  this  section 
from  six  to  nine  months  annually.  Between  Florence  and  Riverton, 
Colbert  and  Bee  Tree  Shoals  prevent  navigation  six  months  in  the 
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year,  but,  as  explained  in  a  preceding  paragraph,  this  obstruction  is 
to  be  overcome  by  canalization.  The  present  project  provides  for  a 
lock  and  dam  to  be  built,  tnainly  by  private  parties,  33  miles  below 
Chattanooga,  forming  a  pool  that  will  extend  to  that  city  with  a 
depth  of  at  least  6  feet  at  low  water,  together  with  the  construction  of 
a  lateral  canal  about  8  miles  long  with  one  lock.  Ihe  total  amount 
spent  on  this  section  of  the  river,  from  Chattanooga  to  Riverton,  up 
to  June  30,  1905,  was  $1,550,000.  Although  there  is  greater  need  for 
canalization  along  the  second  than  along  the  first  section  because  of 
the  existence  of  abrupt  falls,  there  are  long  stretches  of  the  river  in 
which  the  slope  is  very  gradual  and  in  which  the  conditions  for 
improvement  by  the  release  of  conserved  waters  during  the  low- water 
season  are  ideal.  The  effect  of  such  discharge  will  be  noted  in  a  later 
paragraph. 

Third  section:  from  Riverton  to  PaducaJi. — This  part  of  the  river  has 
a  moderate  and  uniform  slope  with  original  low-water  depth  of 
about  3.5  feet  over  its  lower  196  miles  and  2  feet  over  the  remainder 
of  the  distance  to  Riverton.  The  present  project  is  to  obtain,  by 
dredging,  a  channel  not  less  than  5  feet  deep.  The  total  amount 
expended  to  June  30,  1905,  was  $279,663.  The  extreme  flood  oscil- 
lations at  Jacksonville  are  48  feet  and  at  Paducah  55  feet.  The 
commerce  along  the  river  between  Florence  and  Paducah  during  the 
year  1904  amounted  to  871,380  tons. 

It  will  be  noted  that  this  flat  section  of  the  river,  which  is  subject 
to  such  great  oscillations  by  reason  of  flood  discharge,  is  entirely  sub- 
ject to  convenient  regulation  if  the  necessary  water  can  be  pro- 
vided from  storage.  It  will  also  be  noted  that  the  5-foot  channel 
is  to  be  secured  and  maintained  by  dredging,  which  means  con- 
tinual work  and  large  maintenance  expenses  for  the  purpose  of 
removing  the  silt  and  gravel  that  will  be  deposited  in  the  channel 
each  season.  The  defects  are  subject  to  correction  by  the  main- 
tenance of  uniform  flow  of  sufllcient  amount  to  secure  a  desired 
stage.  Such  an  amount  of  water  would  also  produce  a  imiform 
deposition  of  gravel,  and  eventually  a  proper  slope  and  capacity 
for  the  discharge  would  be  effected,  so  that  a  permanent  channel 
could  always  be  depended  upon. 

The  storage  possibilities  in  the  upper  part  of  this  basin  wliich  it 
is  proposed  to  include  in  the  National  Forest  are  set  forth  in  Table  20. 
It  will  be  noted  that  the  total  storage  is  considerably  greater  than 
will  be  necessary  to  effect  the  improvement  advocated;  but  as  the 
purpose  of  this  paper  is  to  show  possibilities  rather  than  to  present 
finished  plans  for  improvement,  no  estimate  has  been  made  of  the 
precise  storage  desired  or  needed. 
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Table  20. — Sdecied  ruervoir  gUes  in  the  Tenneaaee  River  budn. 


Stream  and  location. 


CSnch  Bfvec,  ficott  Coonty,  Va.. . . 
Noliehucky  RiTer,  Green  ville.Tezm. 

CUndtL  Bhrer,  Soeedville.  Temi. 

Powell  River,  Jonesville,  Va 

Hoiston  Rtver,  noitheart  of  Knax- 

ville,  Tenn 

TteaOk  Broad  River,  eact  of  Kaox- 

yille,  Tenn 

Little  River,  sooth  of  KBOzviOB, 

Tenn 

little  Tcnnesase  Rtrer,  Loudon 

County,  Tenn 

Littie    Tennessee    River,    Swain 

County,  Tenn 

Clinch  River,  Roane  County,  Tenn. 
Cheoah  River,    Graham  County, 

N.C 

Hiwassee  River,  Cherokee  County, 

N.C 

Nottely  River,  Union  County,  Ga . 
Tooooa  River,  Fannin  Coonty,  Ga. 

Hiwassee  River,  Hiwaseee,  Ga 

Tennessee  River,  Rabtm,  Qa 

Hiwassee  River,  near  moath,  Tenn. 
West  ChiekaiBaxiga  Creek,  Walker 

County,  Ga 

Booth  Chickamauga  Creek,  Catoosa 

Comity,  Ga 

Sequatchie  River,     Sequatehie 

County,  Tenn 


Catd^ 

ment 
area. 

Mean 

ran-ofl 

per 
square 

mile. 

Ftow 
avail- 
able. 

Gapactty 

reservoir. 

Capacity 
of  reser^ 
voir  in 
catch- 
ment 
area. 

dam. 

Sfmmre 
mUes. 
780 
940 
500 
570 

Cu.ft. 
per  sec. 
l.» 
1.60 
1.38 
1.3S 

Ou.fL 

per  sec 

1,080. 

1,500 

7TO 

790 

IfiOOfiOO 
cubic  feet. 
90,400 
14,700 
18,500 
17,100 

SqWfmtt 
mUes. 
000 
230 
300 
380 

FeeL 
180 
100 
100 
100 

3,400 

LS6 

5,300 

163,500 

3,300 

100 

4,050 

1.66 

6,300 

190,600 

4,000 

200 

2B0 

1.56 

450 

17,400 

2M) 

94 

2,520 

2.78 

7,000 

78,000 

880 

100 

380 
2,110 

2.78 
1.38 

1,050 
2,900 

7,340 
26,500 

80 
600 

100 
60 

ISO 

2.78 

500 

6,700 

75 

150 

560 
240 
240 
100 
SO 
2,040 

2.68 
1.70 
2.14 
2.63 
4.36 
2.12 

1,4«0 
410 
SW 
260 
220 

4,300 

82,200 
1,000 
4,130 
2,240 
2,720 

77,500 

380 
20 
00 
40 
20 
1,130 

20O 

40 

MO 

VXJ 

50 

70 

80 

2.00 

100 

5,260 

80 

€0 

110 

2.00 

220 

6,330 

100 

00 

330 

2.00 

660 

4,000 

60 

50 

of 

floiw 


Acre*, 

10,000 

10,200 

8,500 

12,000 

40,000 

70!,000 

12,100 

54,400 

5.120 
30,000 

2,840 


11,< 

I'S 

3,880 

1,600 

3,800 

70,000 

6,300 


5,500 


Table  21  shows  the  effect  of  the  regulated  discharge  of  the  stored 
water  along  three  sections  of  the  river;  the  first  at  Knoxville,  the 
second  at  Chattanooga,  and  the  third  below  Riverton.  The  facts 
given  apply  to  the  three  sections  of  the  river  along  which  improve- 
ment has  been  attempted,  and,  although  the  total  storage  indicated 
in  Table  20  is  not  necessary  for  purposes  of  navigation,  the  effects  of 
that  storage  in  increasing  the  stage  of  the  river  during  low-water  sea- 
sons are  given  in  Table  21 : 

Table  21. — Tennessct  River, 

SFXTION  AT  KNOXVILLE. 


Increase 
of  stage. 

Flow 
required. 

Duration  of  flow. 

Reservoirs 

Reservoirs 
three- 

Reservoirs 

one-half 

full. 

full. 

fourths 

fun. 

Ch.  fL 

Feet. 

per  sec. 

Days. 

Days. 

Daps. 

1 

970 

4,250 

3,187 

2,125 

2 

3,220 

1,280 

960 

640 

3 

6,380 

647 

485 

32S 

4 

9,U30 

416 

312 

206 

5 

13,700 

300 

225 

ISO 

6 

17,670 

233 

174 

116 

7 

21,840 

189 

142 

95 

8 

26, 210 

157 

117 

78 

9 

30,780 

134 

100 

67 

10 

35,300 

117 

87 

58 
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Tablb  21. — Tenru8»ee  River — Continued. 


BECTION  AT  GHATTANOOGA. 


Increase 
olsUge. 

Flow 
requind. 

Duration  of  flow. 

BMenroln 

fiill. 

Rewrvoira 

Uiree- 

fourtha 

full. 

Reseryoira 

one-half 

fuU. 

Feet. 
1 
2 
3. 

6 
6 
7 
8 
9 
10 

Cu.ft. 

per  sec. 
2,780 
6,540 
11,040 
10,000 
25,580 
2^870 
34,470 
41,070 
47,070 
54,270 

Bays. 
2,800 
1,230 
728 
fiB8 
314 
288 
233 
196 
168 
148 

Bays. 

922 
546 
376 
235 
216 
174 
147 
126 

m 

Bays. 

1,445 

615 

364 

251 

157 

144 

116 

98 

84 

74 

SECTION  BELOW  BIVKBTON. 


I 

1,449 

5,600 

^^s 

^S? 

2 

4,200 

1,900 

1,430 

950 

3 

7,000 

1,060 

790 

530 

4 

11,500 

700 

520 

350 

6 

16,900 

566 

380 

250 

6 

20,800 

300 

290 

195 

7 

26^000 

310 

230 

155 

8 

31,600 

2J90 

190 

125 

9 

37,500 

210 

160 

105 

10 

43,000 

180 

138 

90 

OBIIO  BIVEB. 

This  brings  the  discussion  to  a  point  where  the  consideration  of  the 
effects  of  storage  reservoirs  upon  navigation  in  the  Ohio  itself  can  be 
taken  up.  To  show  fully  what  tlie  effect  would  be  it  would  be  neces- 
sary to  have  complete  figures  of  storage  capacity  on  all  the  upland 
drainage  areas  contributing  to  tlie  Ohio..  Such  complete  data  are 
not  at  hand,  and  it  wall  be  necessary,  therefore,  to  confine  statements 
to  the  effect  of  the  three  streams  that  have  been  discussed,  namely, 
the  Monongahela,  the  Kanawha,  and  the  Tennessee.  This  will  by  no 
means  do  justice  to  the  situation.  Whatever  is  showTi  to  be  the  effect 
on  the  Ohio  of  discharge  from  the  reservoirs  on  these  upland  rivers,  it 
should  be  remembered  that  such  effect  is  far  less  than  that  which 
would  take  place  were  all  contributory  basins  included  in  the  estimate. 

A  complete  treatment  of  the  subject  w^ould  involve  an  investiga- 
tion of  the  effect  of  the  reservoirs  mentioned  on  numerous  sections 

« 

of  the  Ohio,  from  the  mouth  of  the  Monongahela  to  Cairo,  111.,  but 
in  the  limited  space  of  this  paper  it  will  be  possible  to  consider  only 
three  representative  sections,  at  Wheeling,  W.  Va.,  ITuntington, 
W.  Va.,  and  Paducah,  Ky. 
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The  following  is  a  rfeum6  of  the  attempts  that  have  been  made 
to  render  the  river  navigable  during  low-water  seasons  in  the  project 
under  which  the  Government  is  now  working  for  the  improvement 
of  the  Ohio. 

Work  was  commenced  by  the  Federal  Government  oh  the  Ohio 
River  in  1827;  it  has  embraced  the  removal  of  obstructions,  the 
construction,  repair,  and  maintenance  of  low  concentrating  dikes 
and  dams,  bank  protection,  and  the  building  and  repair  of  levees. 
The  Government  had  expended  up  to  June  30,  1905,  the  sum  of 
$6,696,000.  Commerce  on  the  river  during  the  calendar  year  1905, 
so  far  as  reported,  was  approximately  13,000,000  tons,  valued  at 
$22,000,000,  together  with  more  than  4,000,000  passengers. 

Permanent  improvements  so  far  made  on  the  Ohio  River  consist 
of  the  construction  of  several  locks  and  dams,  which  are  intended 
to  be  the  first  of  a  series  which  will  constitute  a  general  system  of 
canalization.  In  the  river  and  harbor  act  approved  March  3,  1905, 
is  a  provision  for  the  appointment  of  a  board  of  engineers  ^'  to  examine 
the  Ohio  River  and  report  at  the  earliest  date  by  which  a  thorough 
examination  can  be  made,  the  necessary  data  with  reference  to  the 
canalization  of  the  river,  and  the  approximate  location  and  number 
of  locks  and  dams  in  such  river,  with  a  view  both  to  a  depth  of  6 
and  9  feet;  and  to  include  the  probable  cost  of  such  ifnprovement 
with  each  of  the  depths  named,  the  probable  cost  of  maintenance 
and  the  present  prospective  commerce  on  said  river,"  etc.  The 
report  of  this  board  of  engineers  had  not  been  made  at  the  time  of 
the  issuance  of  the  last  annual  report  of  the  Chief  of  Engineers,  but 
the  intent  of  the  act  is  plain,  viz,  to  determine  upon  a  scheme  of 
canalization  in  pursuance  of  the  plan  already  started.  A  great 
many  locks  and  dams  will  be  needed  to  complete  the  canalization  of 
the  river,  for  the  Ohio  at  times  flows  so  low  that  navigation  through- 
out the  greater  part  of  the  stretch  is  entirely  suspended.  In  view 
of  the  approach  of  this  report  it  is  extremely  pertinent  to  consider 
what  may  be  done  by  the  use  of  conservation  reservoirs. 

For  the  three  sections  mentioned  rating  tables  have  been  made 
showing  the  eflFect  of  increased  discharge  on  the  height  of  the  river 
at  these  sections.  The  Ohio  section  at  Wheeling  shows  the  effect 
of  the  discharge  of  stored  water  on  the  Monongahela  River  alone, 
that  at  Huntington  the  combined  effect  of  the  Monongahela 
and  Kanawha,  while  that  at  Paducah  presents  the  effect  of  the 
Monongahela,  Kanawha,  and  Tennessee.  Table  22  embodies  this 
information. 
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Table  22. — Ohio  River. 

SECTION  AT  WHEELING. 


Increase 
of  stage. 

Flow 
required. 

Duration  of  flow. 

Reservoirs 
full. 

Reservoirs 
three- 
fourths 
fuU. 

Reservoirs 

one-half 

full. 

Feet. 
1 
2 
3 
4 
5 
6 

Cu.  ft,  per 
sec, 
3,000 
6,700 
11,610 
18,020 
25,300 
32,800 

Days, 

540 

240 

139 

90 

64 

49 

Days. 

405 

180 

105 

67 

48 

37 

Days. 
270 
120 
70 
45 
32 
25 

SECTION  AT  HUNTINGTON. 


1 

8,100 

580 

420 

200 

2 

17,600 

267 

200 

133 

3 

28,600 

164 

123 

82 

4 

30,600 

118 

89 

59 

5 

51,600 

91 

68 

46 

6 

63,600 

74 

55 

37 

7 

77, COO 

60 

45 

30 

SECTION  AT  PADUCAH. 


1 

'       11,000 

1,160 

870 

580 

2 

24,000 

530 

400 

265 

3 

39,000 

330 

245 

165 

4 

55,000 

232 

174 

116 

5 

68,000 

187 

140 

94 

6 

83,000 

153 

115 

76 

7 

98,000 

94 

71 

47 

Table  22  shows  that  available  storage  facilities  in  the  Monongahela 
basin  alone  will  serve  to  increase  the  stage  at  Wheeling  3  feet  for 
considerably  more  than  four  months,  while  the  combined  effect  of  the 
Monongahela  and  Kanawha  at  Huntington  will  afford  an  increase 
of  4  feet  above  the  low  stage  for  four  months.  In  the  third  part  of 
the  table  the  effect  of  stored  water  from  the  Tennessee  is  appreciable, 
and  it  is  seen  that  for  a  period  of  one  hundred  and  fifty-three  days,  or 
five  months,  an  additional  stage  of  6  feet  could  be  maintained  in  this 
section. 

CONCLUSION. 

In  conclusion,  the  figures  given  in  this  report  bear  out  the  state- 
ment made  at  the  beginning  that  the  proper  improvement  of  many 
rivers  may  be  practically  and  thoroughly  accomplished  only  by  the 
use  of  storage  reservoirs  and  the  retention  of  the  forest  cover.  On 
some  of  the  rivers  the  possibilities  are  greater  than  on  others  and 
on  some,  like  the  Yadkin,  the  possibility  of  maintaining  high  navi- 
gable stages  during  low-water  seasons  is  considerably  greater  than 
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is  shown  in  the  table.  Na  rated  section  was  available  in  the  lower 
or  navigable  portion  of  the  Yadkin  and  it  was  necessary  to  make 
the  estimate  on  a  section  of  high  slope  in  which  the  increase  of  stage 
due  to  increment  of  stored  water  is  not  as  great  as  it  would  be  below. 
Moreover,  on  several  of  the  streams,  because  of  lack  of  survey,  only 
a  part  of  the  upland  drainage  areas  was  considered  and  the  results 
given  are  based  only  on  the  storage  discovered  along  the  surveyed 
portions.  The  effects  are  in  no  case  overestimated;  on  the  other 
hand,  with  many  of  the  rivers  the  possibilities  are  far  greater  than 
are  shown  in  the  tables. 

The  second  important  point  brought  out  in  this  report  is  that  con- 
servation of  stream  flow  depends  upon  the  condition  of  the  drainage 
area,  and  that  to  insure  the  perpetuation  of  'the  proper  conditions  it 
is  necessary  to  preserve  the  forests  and  keep  the  land  surfaces  intact. 
If  this  is  done  by  such  reservation,  many  values  will  be  affected.  The 
conservation  of  flood  waters  and  the  increase  of  water  power  are 
among  the  most  important,  but  in  the  consideration  of  the  cost  of 
this  reserve  it  should  be  borne  in  mind  that,  disregarding  all  other 
improvements,  the  benefit  accruing  to  navigation  alone  would  more 
than  justify  the  necessary  expenditure.  Therefore,  the  preservation 
of  timber  resources,  of  water  power,  the  prevention  of  flood  dam- 
ages, may,  if  need  be,  be  considered  as  collateral  b^iefits,  though  these 
benefits  equal  in  importance  the  benefit  to  navigation. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  January  15^  1908. 
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On  March  4,  1907,  Congress  passed  the  following  provision  in  con- 
nection with  the  Agricultural  appropriation  bill: 

Survey  of  and  report  on  Appalachian  and  White  Mountain  waiersheds. — ^To  enable  the 
Secretary  of  Agriculture  to  examine,  survey,  and  ascertain  the  natural  conditions  of 
the  watersheds  at  and  near  the  sources  of  the  various  rivers  having  their  sources  in 
the  Southern  Appalachian  Mountains  and  the  White  Mountains,  and  to  report  to 
Oongress  the  area  and  natural  conditions  of  said  watersheds,  the  price  at  which  the 
same  can  be  purchased  by  the  Government,  and  the  advisability  of  the  Government 
purchasing  and  setting  apart  the  same  as  national  forest  reserves  for  the  purpose  of 
conserving  and  regulating  the  water  supply  and  flow  of  said  streams  in  the  interest 
of  agricultiure,  water  power,  and  navigation.    *    *    * 

Because  of  its  identification  with  studies  of  stream  flow  and  its 
faciUties  for  stream  measurement,  arrangement  was  made  with  the 
Geological  Survey  for  a  study  of  the  water  resources  of  the  Southern 
Appalachian  Mountains.  The  following  report  on  The  Relation  of  the 
Southern  Appalachian  Mountains  to  the  Development  of  Water 
Power  has  resulted  from  that  study. 
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THE  REUTION  OF  THE  SOUTHERN  IPPAUCHIAN  MOUNTAINS 
TO  THE  DEVELOPMENT  OF  WATER  POWER. 


ZNTBOBTTCnON. 

Water  power  is  a  prime  factor  in  the  present  industrial  develop- 
ment of  the  South.  The  abundance  of  water  supply  and  the  slope  of 
rivers  have  recently  brought  to  the  region  watered  by  streams  from  the 
Southern  Appalachian  Moimtains  the  greatest  development  of  water 
power  that  has  ever  taken  place,  during  a  similar  period,  anywhere 
in  the  United  States.  The  resource  represented  by  this  water  power 
is  far  greater  than  its  present  market  value.  Fuel  must  become  more 
and  more  costly  as  the  available  supply  is  depleted.  This  means  that 
the  cost  of  fuel  power,  which  is  at  present  much  greater  than  that  of 
water  power,  will  constantly  increase,  and  the  demand  for  water  power 
wiU  increase  in  proportion.  A  low  average  of  the  present  rental  value 
of  water  power  is  $20  per  horsepower  per  year.  This  figure  will  be 
used  in  this  report  to  estimate  the  present  value  of  the  power  available 
for  development  in  the  Southern  Appalachian  region.  The  future 
value  can  not  be  estimated. 

According  to  estimates  made  by  the  United  States  Geological  Siur- 
vey  there  is  a  minimum  of  about  2,800,000  indicated  horsepower 
developed  by  the  rivers  having  their  headwaters  in  the  Southern 
Appalachian  Mountains.  Matiire  consideration  of  the  condition 
leads  the  Survey  to  estimate  that  at  least  50  per  cent  and  probably 
much  more  of  this  indicated  power  is  available  for  economic  develop- 
ment. It  should  be  borne  in  mind  that  this  figure  represents  merely 
the  mimimum  horsepower.  If  auxiUary  power  were  provided  to 
supply  short  seasons  of  water  deficiency  it  would  be  profitable  to 
develop  up  to  2}  times  this  amount.  Full  development  of  storage 
facilities  would  increase  the  minimum  from  3  to  30  times.  Obvi- 
ously an  estimate  of  present  value  based  on  50  per  cent  of  the  mini- 
mum indicated  horsepower  is  sure  to  be  extremely  conservative. 

The  rental  of  1,400,000  horsepower  at  $20  per  horsepower  per  year 
would  amount  to  an  annual  return  of  $28,000,000.  This  amount  is 
equal  to  a  gross  income  of  3  per  cent  on  a  capital  of  about  $933,000,000. 
Some  of  this  power  has  already  been  developed,  but  a  very  small 
proportion — hardly  enough  to  make  any  appreciable  showing  when 
the  enormous  resources  of  the  region  are  taken  into  accoimt. 

The  above  estimates  of  power  are  based  on  present  condition  of 
the  drainage  areas.  They  represent  what  can  be  accomplished  if 
the  present  forests  of  the  mountains  are  protected  from  this  time  on. 
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Abuse  of  many  of  the  important  upland  areas  has  already  largely 
reduced  the  availability  of  the  power  which  is  present,  and  the  further 
such  abuse  extends  the  less  available  the  power  will  be. 

The  amount  of  power  that  can  profitably  be  developed  on  arijr 
stream  is  governed  by  the  length  and  severity  of  the  low-water 
season — not  by  the  height  and  violence  of  the  floods.     The  more 
uniform  the  flow  of  a  river,  the  more  valuable  it  becomes  for  power 
as  well  as  for  all  other  purposes,  and  imifornuty  of  flow  is  dependent 
chiefly  upon  the  condition  of  the  land  surface.     Rain  which  falls 
upon  an  asphalt-paved  street  drains  away  sooner  than  that  which. 
falls  upon  a  country  lane.     The  same  principle  holds  for  all  land  sur- 
faces.   An  upland  denuded  of  forests  and  with  land  surface  hardened 
and  baked  by  exposure  discharges  the  rain  water  into  the  streams 
and  rivers  in  great  floods,  and  retains  no  water  to  supply  the  rivers 
in  the  dry  season.     In  discharging  in  this  torrential  way,  the  water 
carries  along  the  best  part  of  the  land  itself,  which,  of  course,  is  the 
fertile  upper  soil.     Great  furrows  and  gullies  are  cut  across  the  fields, 
and  the  gravel  and  stones  that  are  carried  along  are  deposited  in  the 
lower  country,  and  generally  on  the  top  of  fertile  bottom  lands. 

In  the  Southern  Appalachians  the  fullest  use  of  water  resources 
can  be  secured  only  by  carefully  guarding  the  natural  conditions 
which  control  them.  The  valuable  water  resources  of  this  region 
depend  absolutely  upon  the  maintenance  of  a  protective  forest  cover. 
Without  this  forest  cover  the  water  power  of  the  region  can  never 
be  developed  to  the  full,  and  in  the  same  way  the  navigable  streams 
can  not  be  kept  from  silting  up  if  the  forest  cover  about  their  head- 
waters is  removed.  The  protection  of  these  forests  is  a  large  under- 
taking, but  it  is  necessarily  the  fiirst  xmdertaking,  since  it  is  funda- 
mental to  the  development  and  utilization  of  the  water  resources. 
If  the  forest  is  not  first  protected  damage  to  water  resources  will  be 
far-reaching.  If  the  forest  is  preserved  the  benefits  *rom  the  stand- 
point of  water  utilization  will  be  widely  diffused,  even  far  beyond 
the  borders  of  the  Appalachian  region.  It,  therefore,  is  necessary  that 
a  forest  system,  similar  to  that  which  has  accomplished  so  much 
toward  conserving  the  forest  and  water  resom'ces  of  the  West,  be 
inaugurated  in  the  Appalachian  Mountains.  Another  urgent  reason 
for  protecting  the  forests  on  the  Appalachian  Mountains  is  the 
need  of  conserving  the  main  center  of  hardwood  supply  of  the  United 
States  and  the  industries  which  depend  upon  hardwoods.  But  the 
need  of  providing  for  the  fullest  development  of  water  power  is  hardly 
secondary,  and  by  itself  woidd  justify  the  extension  to  this  region 
of  the  protection  which  is  given  through  national  forests  in  the  West. 

The  following  data  are  presented  by  the  United  States  Geological 
Survey  on  the  discharge  of  streams  and  the  water  storage  facilities 
of  the  Southern  Appalachian  region,  as  related  to  the  production  of 
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water  power.  The  results  are  based  on  the  data  accumulated  at  the 
regular  measurement  stations  maintained  by  the  Survey  during  the 
past  seven  years,  reenforced  by  special  work  carried  on  during  the 
spring,  sumider,  and  fall  of  1907.  The  schedules  of  water  power  are 
based  on  the  minimum  indicated  horsepower  developed  in  the  rivers 
under  consideration.  In  order  to  find  this  minimum  horsepower  the 
rivers  were  divided  into  sections  of  convenient  length  and  of  similar 
character,  and  the  mean  drainage  area  for  each  section  was  deter- 
ndned.  The  minimum  flow  per  square  mile  for  each  section,  based 
on  seven-year  records  and  auxiliary  observations,  was  then  calcu- 
lated, and  the  indicated  horsepower  was  deduced  from  the  total  slope 
of  the  channel.  Additional  estimates  are  given  concerning  the  power 
which  could  be  made  available  by  storage.  The  location  and  capac- 
ity of  reservoirs,  together  with  other  necessary  facts,  are  shown  in 
tabular  form.  Finally,  there  are  given  estimates  of  power  based  on 
lowest  flow  during  the  6  highest  months  of  the  year.  These  estimates, 
as  will  be  seen,  are  considerably  higher  than  those  based  upon  the 
minimum  flow.  They  will  serve  to  show  what  the  commercially 
profitable  development  is  likely  to  be.  In  this  and  other  parts  of  the 
United  States  experience  has  shown  that  it  pays  to  develop  a  water 
power  up  to  the  minimum  that  can  be  furnished  during  the  4  high- 
water  months  of  the  year,  and  to  depend  on  steam  power  during 
low-water  seasons  to  make  up  the  deficiency.  To  make  the  present 
estimate  conservative  the  limit  of  time  has  been  extended  to  six 
months,  and  estimates  are  based  upon  that  period. 

Large  allowances  have  been  made  in  all  the  factors  involved  in  the 
water  power  considerations.  In  all  calculations  of  water  power,  only 
90  per  cent  of  the  observed  fall  is  used,  and  the  indicated  energy 
produced  by  the  falling  water  is  reduced  to  80  per  cent.  It  is  believed 
that  all  the  estimates  can  be  used  with  safety,  and  in  actual  practice 
it  will  probably  be  found  that  in  nearly  every  case  the  power  available 
for  development  is  considerably  greater  than  that  indicated. 

Table  1  gives  the  names  of  rivers  considered  in  this  report  and  the 
minimum  indicated  horsepower  developed  in  each. 

Table  1. — Rivers  investigated. 


River. 


Potomac 

Jamea 

Roanoke 

Pedee 

Santoe 

Savannah 

Chattahoocliee.. 

Coosa 

Monongahela.... 
Great  Kanavha. 


Total. 


Portion  considered. 


Above tlde»  Washington,  D.C 

Above  tide,  Richmond,  Va 

Above  tide,  Weldon,  N .  C 

Above  tide,  Cheraw,  N.  C 

Above  Junction  of  Wateree  and  Congaree. 

Above  Augusta,  Oa 

Above  Columbus,  Oa 

Above  Wetumplca,  Ala 

Above  mouth , 

....do 

Above  RIverton,  Ala , 


Minimum 

indicated 

horsepower 


131.800 
150.000 
131,000 
171,300 
320,200 
209.000 
145,000 
180,000 
58,900 
335,000 
992,700 


I 


2,829,000 
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The  following  paragrapiis  contain  a  discussion  of  the  power  possi- 
bilities on  streams  rising  in  the  Southern  Appalachian  region. 

mVEBS  ON  ATLANTIC  SEABOABB.      . 

Potomac  River. 

The  Potomac  River  basin  is  the  northernmost  of  the  coast  basins 
which  have  their  headwaters  within  the  proposed  Southern  Appala- 
chian National  Forest.  There  are  abimdant  sites  for  storage  reservoirs 
in  the  upper  drainage  area,  and  to  demonstrate  the  possibilities  of 
increasing  water  power  by  such  storage,  certain  sites  have  been 
selected  and  their  capacities  determined.  This  information  will  be 
used  in  connection  with  subsequent  discussions.  The  facts  are  set 
forth  in  Table  2. 

Table  2. — Selected  reservoir  sites  in  the  Potomac  River  basin. 


stream  and  location. 


North  Fork,  Soutb  Branch,  Poto- 
mac River  at  Petersburg,  W.  Va. 

North  Fork,  South  Branch,  Shen- 
andoah River,  Rockingham 
County,  Va 

North  River,  Rockingham  County 
Va 

Middle  River,  Augusta  County,  Va. 

South  Fork,  Shenandoah  River, 
Rockingham  County,  Va 

South  Fork,  Shenandoah  River, 
Rockingham  County,  Va 


Catch- 
ment 
area. 


Mean 
annual 
run-ofi 

per 
square 

mile. 


Square 
mUes. 
460 


210 

200 
180 

500 

200 


Cu.  feet 

per  sec. 

1.12 


.84 

1.33 
1.38 

1.42 

1.42 


Flow 
avail- 
able. 


Capacity 

oireeer- 

voir. 


Capacity 
of  reser- 
voir in     Height 
catch-   !of  dam. 
ment    I 
area.     ' 


Area 

olflow 

line. 


Cu.feet 

per  see. 

520 


180 

300 
240 

710 

280 


1,000,000 
cu.  feet. 
18,550 


6,010 

14,150 
6,190 

2,290 

10,420 


8q[uare 
mUes. 
460 

Feet. 

134 

210 

92 

290 
140 

96 
100 

50 

40 

200 

95  ' 

1 

Acres. 
7,600 

3,410 

9,710 
i,2S0 

3,930 

7,150 


The  facts  concerning  the  indicated  horsepower  along  the  main  stream 
from  tide  water  up  to  Harpers  Ferry  are  set  forth  in  Table  3. 

Table  3. — Indicated  horsepower  developed  by  Potomac  River  between  tide  water  and 

Harpers  Ferry. 


Section  of  river. 


.a 
a 


Potomac  River: 
From  Mile  2  to 

Miles 

From  Mile  5  to 

below      Great 

FaUs 

At  Great  Falls... 
From    above 

Great  Falls  to 

Mile  21 

From  Mile  21  to 

MUe49 

From  Mile  49  to 

Harpers  Ferry. 


I 


!    I 


:^ 


li 


JlfUes]  Sq.  miles. 
11,600 


7 
2 


Total, 


28 
12 


11,450 
11,400 


11,300 

10,400 

9,480 


Sec.  ft. 
2,070 


2,060 
2,050 


2,030 
1,870 
1,700 


Sec.  ft. 
4,830 


4,810 
4,790 


4,760 
4,370 
4,170 


3 
s 


S 


Feet. 
31 


a 

o 


■a 


5,840 


23       4,310 
76i    14,250 


18 
32 
40 


3,320 
5,440 
6,180 


5l 


3 


Horsepower  available 
from  storage  during  a 
period  of— 


a 

o 

a 

9 


13,600 


10,000 
33,300 


7,770 
12,700 
15,200 


4,600 


3,410 
11,300 


2.670 
4,740 
5,930 


o 
6 


a 
g 

s 

CO 


9,900  i      18,400 


6,820 
22,600 


13,640 
45,200 


5,340         10,680 

9,480  I      18,960 

11,860  !      23,720 


39,340     92,570      32,650  '    65,300  !     130,000 
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Between  Harpers  Ferry  and  the  junction  of  North  and  South 
branches,  a  distance  of  108  miles,  the  average  slope  ia  2.5  foet  per 
mile,  and  over  much  of  the  way  it  is  so  gradual  that  the  installation 
of  lai^e  power  plants  would  involve  the  construction  of  long  and 
expensive  canals.  Indeed,  the  Chesapeake  and  Ohio  Canal  is  a  good 
iUustrstioQ  of  what  would  be  necessary.  The  facts  concerning  the 
slope,  flow,  and  indicated  horsepower  developed  by  this  section  of  the 
river  are  given  in  Table  4. 

Taslb  4. — I-advxUtd  hortepmaer  developed  by  Potomac  River  between  Earpert  Ferry  and 
the  junetirm  of  North  and  South  brajichei. 


BMMonofrlTer. 

• 

JflKl. 

23 

an 

i 

_l_ 

6,110 
4,S20 

4,tmi 

S,flM 

3,1W 

3,010 

j 

734 

436               1 
3S3               1 

361       1,4M 

1 

I 

1 
I 

s 

24 

»2 

PotomM^RiTOTi 

From     Harpers 

Ferr;  to  Ulle 

From  Dam  No.  4 

From  Sir  John. 

From  Dam  No.  S 

From    HaoroU' 

to  Pawpaw.... 

From    F»"|paw 

K£C3 

1 

BoTHpower   avaUabls 
from  norage  during  a 


0  I    II, iC 


North  Branch. — The  North  Branch  is  about  80  miles  long,  and 
has  a  total  fall  of  about  2,570  feet,  1,000  feet  of  which  occurs  witliin 
12  miles  from  the  source.  There  is  a  minimum  of,  4,700  indicated 
horsepower  developed  by  the  main  stream,  and  1,870  by  the  tribu- 
taries. The  greater  part  of  this,  however,  could  not  be  developed 
profitably  at  the  present  market  price  of  power.  The  portion  of 
the  river  best  adapted  for  power  is  that  between  Abrams  Creek  and 
Cumberland.  Along  a  distance  of  44  miles  there  is  a  total  fall  of 
1,060  feet.  The  average  minimum  discharge  is  37  cubic  feet  per 
second,  wliich  will  produce  a  minimum  indicated  horsepower  of 
3,170.  The  minimum  developed  during  the  6  high-water  months 
along  this  portion  of  the  stream  is  18,920  horsepower.  In  a  distance 
of  7  miles  below  Cumberland  there  is  a  fall  of  63  feet,  which  could 
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be  developed  for  a  minimum  of  480  horsepower,  or,  based  on  the  6 
highest  months,  for  2,900  horsepower. 

SoiUh  Branch. — Various  portions  of  this  river  are  well  adapted 
for  the  development  of  power.  The  minimum  on  the  main  stream 
and  its  tributaries  is  16,207  indicated  horsepower,  while  the  mini- 
mum for  the  6  highest  months  is  52,685  horsepower;  only  a  small 
part  of  this  could  be  profitably  developed  at  the  present  rental  price. 
The  details  concerning  the  main  stream  are  given  in  Table  5: 

Table  5. — Indicated  horsepower  developed  by  South  Branch  of  Potomac  River. 


Section  of  river. 


ii" 


South  Branch,  Po- 
tomac River: 

From  mouth  to 
Romney 

From  Romney 
to  below  junc- 
tion Mooreflold 
River 

From  above 
unction 
00  re  field 
River  to  be- 
low Junction 
North  Fork, 
South  Branch, 
Potomac  River 

From  above 

i unction  North 
Tork  South 
Branch  Poto- 
mac River,  to 
below  j  u  n  c  - 
tion  Thorn 

Run 

From  above 
Junction 
Thorn  Run  to 


source 


MUet. 

29.6 


24 


u 

§ 
-a 

i 


I 


16i 


36 


25 


Sq.  mUes. 
1,450 


1,300 


770 


236 


a  123 


Totel, 


I 


Secft. 
189 


169 


I 


08 


100 


31 


13 


Secft. 
653 


585 


347 


107 


46 


a  Total  area. 


o 


s 


FeeL 

114 


136 


155 


730 


^425 


i 


s 


1,960 
2,090 


It 

^ 

fXA    , 


6,770 
7,230 


1,410       4, 


2,040       7,100 
520       1,780 


Horsepower  available 
from  storage  during  a 
period  of—  — 


■a 
♦* 
O 

a 

CI 


5,400 


6,430 


4,250 


8,020     27,770 


None. 


None. 


16,080 


a 

g 

a 


10,800 
12,860 


8,600 


None. 


None. 


32,160 


6  25  per  cent  total  fall. 


B 

O 

a 


21,Oro 
25,720 


17,000 


None. 


None. 


64,320 


Shenandoah  River. — Along  the  main  stream  of  the  Shenandoah 
there  is  a  minimum  of  31,970  indicated  horsepower  available  for  de- 
velopment. The  minimum  for  the  6  highest  months  is  63,540  horse- 
power. 

Among  the  other  tributaries  of  the  Potomac  on  which  considerable 
horsepower  is  available  are  the  following: 

South  River,  a  tributary  of  the  South  Fork  of  the  Shenandoah, 
is  50  miles  long,  and  has  a  fall  of  1,950  feet.  In  the  lower  22  miles  there 
is  a  fall  of  250  feet,  with  a  minimum  indicated  horsepower  of  1 ,020.     The 
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minimum  for  the  6  highest  months  is  1,^40  horsepower.  South 
Fork  of  the  Shenandoah  is  101  miles  long,  and  has  a  total  fall  of  576 
feet.  There  is  developed  a  minimum  indicated  horsepower  of  17,690, 
while  the  minimum  for  the  6  highest  months  of  the  year  is  34,390 
horsepower.  In  the  first  17  miles  above  the  mouth  of  the  river 
there  is  a  total  fall  of  70  feet,  with  a  minimum  horsepower  of  2,640. 
The  minimum  for  the  6  highest  months  is  equivalent  to  5,170  horse- 
power. In  the  next  20  miles  there  is  a  total  fall  of  114  feet  and  a 
minimum  indicated  horsepower  of  3,940,  while  the  minimum  for  the 
next  15  miles  is  2,330  horsepower.  Above  this  there  is  a  section  9 
miles  long  with  a  fall  of  63  feet  and  a  minimum  of  1,860  indicated 
horsepower.  On  the  North  Fork  of  the  Shenandoah  the  conditions 
are  similar  to  those  on  the  South  Fork.  The  portion  of  the  stream 
best  adapted  to  power  development  is  the  lower  section  of  48  miles. 
This  section  has  a  fall  of  390  feet  and  a  minimum  flow  of  152  cubic 
feet  per  second,  the  energy  of  which  is  represented  by  4,860  horse- 
power. The  minimum  for  the  6  highest  months  is  9,720  horsepower. 
Along  the  main  stream  of  the  Shenandoah  there  are  several  good 
power  sites.  The  facts  concerning  this  portion  of  the  river  appear 
in  Table  6. 

Table  6. — Indicated  horsepower  developed  hy  Shenandoah  River. 


Section  of  riTer. 


a 

•a 

a 


8heiuui<!|oah  River: 
From       mouth 
(Hftipen  Fer- 

gO  to  Cattail 
im 

From       Cattail 

RuntoMllo?.. 
From  Mile  7  to 

Mile  27) 

From  Mile  27^  to 

MUe3M 

From  Mile  3M  to 

WUaon'sMm.. 


Total. 


8q.  miles. 
8,010 

8,000 

2,900 

2,750 

2,670 


Seen, 
720 

720 

700 

eoo 

670 


Stc.fl. 
1,540 

1,580 

1,480 

1,8S0 

1,310 


3 

5 


8 


Feet. 
41 

32 

44 

30 
31 


o 


a 

6 

9 


2,680 
2,0U0 
2,800 
1,880 
1,890 


11,340 


Ik 

S2 


5,740 
4,450 
6,920 
3,760 
3,000 


23,560 


Horsepower  available 
from  storage  during  a 
period  of— 


5 

B 

o 

a 


a 

« 


J3 

•*• 

a 

o 

a 

CO 


4,140 
3,230 
4,440 
3,030 
3,130 


8,280 
6,460 
8,880 
6,060 

I 

6,2G0  < 


16,560 
12,920 
17,760 
12,120 
12.620 


17.970 


35,940    71,880 


There  are,  of  course,  many  sites  on  smaller  tributaries  at  which 
powers  could  profitably  be  developed.  The  nature  of  this  paper 
does  not  allow  of  their  further  mention  here,  but  information  con- 
cerning them  can  be  obtained  by  addressing  the  United  States 
Geological  Survey. 
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James  Riyeb. 

The  basin  of  the  Potomac  adjoins  the  James  River  basin.  The 
drainage  area  of  the  James  River  above  Richmond,  Va.,  is  6,790  square 
miles  in  extent,  and  its  length  from  tide  to  source  at  the  head  of  Jackson 
River  is  315  miles.  Its  minimum  flow  varies  from  0.19  to  0.41  cubic 
foot  per  second  per  square  mile.  Among  the  many  reservoir  sites 
in  the  drainage  area,  those  shown  in  Table  7  have  been  selected  as 
the  best  combination. 

Table  7. — Selected  reservoir  sites  in  the  James  River  basin. 


Stream  and  location. 


Catch- 
ment 
area. 


Mean 
annual 
run-off 

per 
square 

mile. 


Jackson  River,  west  Bath  County, 
Va 

Cowpasture  River,  Bath  County, 
Va , 

North  River,  Rookbridge  County, 
Va , 

Calfpasture  River,  southwest  Au- 
gusta Countjr,,  Va , 

James  River,  Botetourt  County, 
Va 

Buffalo  Creek,  Rockbridge  County, 
Va 

Johns  Creek,  Newcastle,  Va 


8q.  mi. 
300 

280 

210 

120 

1,060 

80 
90 


Cu.feet 

per  sec. 

1.18 

1.18 

1.18 

1.18 

1.18 

1.18 
1.18 


Flow 
avaU- 
able. 


Cu.feet 

per  sec. 

350 

330 

250 

140 

1,250 

90 
110 


Capacity 
of  reser- 
voir. 


1,000,000 

cu.  feet. 

12,400 

10,700 
8,620 
4,140 

43,890 

3,660 
4,620 


Capacity 
of  reser- 
voir In 
catch- 
ment 
area. 


Sq.  mi. 
300 

280 

210 

110 

1,060 

80 
90 


Heicht 
dam. 


Feet. 
124 

.   118 

137 

100 

135 

113 
123 


Araa 
of  flow 

line. 


Acres. 
6,100 

4,900 

5,440 

2,850 

18,470 

1,960 
3,120 


The  main  stream  between  Richmond  and  Eagle  Moimtain,  a  dis- 
tance of  about  215  miles,  has  a  rapid  fall  and  many  promising  sections 
for  power  development. 

Jackson  River,  which  is  the  upper  extension  of  the  James,  is  83 
miles  long.  Between  its  source  and  the  head  of  the  James  there  is  a 
fall  of  2,150  feet.  Along  the  first  14-mile  section  above  Clifton  Forge 
there  is  a  fall  of  170  feet.  The  mean  catchment  drainage  area  is 
816  square  miles,  with  a  minimum  discharge  of  204  cubic  feet  per 
second.  There  is  a  minimimi  horsepower  of  2,840.  The  lowest  flow 
for  the  6  high-water  months  develops  5,450  horsepower.  Above  this 
section  between  Dunlap  and  Potts  Creek  there  is  a  fall  of  30  feet  in  a 
distance  of  4  miles,  equivalent  to  a  minimum  horsepower  of  392,  or 
a  minimum  for  the  6  highest  months  of  770.  The  increase  from 
storage  during  six  months  would  be  1,720  horsepower.  A  statement 
of  the  prevailing  conditions  is  given  in  Table  8. 

[Clr.  144] 


15 


Table  8. — Indicated  horsepower  developed  by  James  River  between  Richmond  and  Eagle 
Mowntain  and  by  Jackson  River  between  Clifton  Forge  and  Back  Creek. 


Section  of  river. 


James  River : 

From  Richmond 
to  Lorraine 

From  Lorraine 
to  Irwin 

From  Irwin  to 
Colombia 

From  Columbia' 
to  Payne 

From  Payne  to 
HowardsTlUe.. 

From  Howards- 
vUler  to  War- 
minster  

From  Warmin- 
ster to  Oreen- 


way 

From  Oreenway 
to  Rivervnic 

From  Riverville 
to  Joshua 
Falls  Dam 

From  Joshua 
Falls  Dam  to 
LynchbuiiK 

From  L]mch- 
bnii^  to  Big 
Island 

From  Big  Island 
to  Balcony 
Falls 

From  Balcony 
FaIIs  to  Var- 
ney  Falls 

Prom  Vamey 
Falls  to  Bu- 
dianan 

From  Buchanan 
to  Saltpeter 
Cave 

From  Saltpeter 
Cave  to  Eagle 

Mountain 

Jackson  River: 

Prom  above  Clif- 
ton Forge  to 
below  Junction 
Potts  Creek.... 

From  above 
Junction  Potts 
Creek  to  l)eIow 
lunctlon  Dun- 
lap  Creek 

From  above 
junction  Dun- 
lap  Creek  to 
beiowjunction 
Back  Creek 


Total. 


MiUs 
14 

21.5 

23.5 

18 

16 

9 

14 
9 

12.5 

1L6 

18 

9 
10 
11 
10 

8 

14 


27 


Sq.mUes. 
*6,770 

6,610 

6,160 

5,200 

4,500 

4,320 

3,940 
3,650 

3,550 

3,440 

3,230 

3,060 

2,180 

2,100 

2,010 

1,890 

816 


613 


367 


Sec.  ft. 
2,780 

2,710 

2,530 

1,720 

1,260 

1,170 

950 
800 

780 

722 

646 

612 

414 

400 

382 

360 


204 


160 


99 


S'so 


Sec.  ft. 
3,660 

3,570 

3,330 

2,550 

2,030 

1,900 

1,660 
1,500 

1,420 

1,380 

1,290 

1,190 

828 

798 

765 

737 


392 


313 


198 


a 

s 


& 

s 


Feet. 
112 

26 

34 

63 

38 

27 

40.5 
84 

42 

45 

85 
86 
48 
58 
62 
41 


153 


27 


428 


28,300 
6,160 
7,820 
9,850 
4,360 

2,870 

3,500 
2,470 

2,980 

2,060 

5,000 

4,790 

1,800 


2,150 


1,340 


2,840 


392 


3,850 


u 

H 

o 


Horsepower  available 
from  storage  during  a 
period  of— 


I 


I 


d 
o 


37,300 

8,110 

10,300 

14,600 

7,000 

4,660 

6,110 
4,640 

5,420 

5,  f50 

10,000 

9,310 

3,610 


2,110       4,210       10,750 


4,310 


2,750 


5,450 


770 


7,700 


a 

m 

5 

o 

s 

1 

^H 

CD 

5,720 

7,780 

14,400 

8,700 

6,180 

9,280 
7,780 

9.020 

10,300 


I 


11,400 
15,600 
28,800 
17,400 


18,600 
15,600 

19,200 

20,600 


I 


19,500   39,000 


19,700 
8,900 


11,500 


2,040 


4,000 


8o0 


39,500 
17,800 
21,500 
23,000 
4,080 

8,000 

1,720 


13.600  I  27.250 


95,542  1151,900 


196,210 


392.650 


e 

o 

B 


25,600  I  51,200  '  102,400 


22,800 
31,200 
37,600 
34,800 


12,400  I   24,800 


37,200 
31,200 

38,500 

41,200 

78.000 

79,000 

35,600 

43,000 

46,000 

8,160 

16,000 

3,440 

54,  rm 


765,400 


Tributaries. — The  tributaries  of  James  River  have  steep  courses; 
the  drainage  areas  are  comparatively  large  ^  and  the  summer  flow  is 
considerable.  North  River,  the  largest  tributary,  has  a  total  drain- 
age area  of  831  square  miles.  The  section  from  Rockbridge  bar  to 
the  mouth,  34  miles  long,  has  a  total  fall  of  390  feet  and  a  minimum 
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run-off  of  140  cubic  feet  per  second,  which  will  develop  4,470  mini- 
mum horsepower.  Many  places  along  this  stream  would  be  suitable 
for  small  installations.  Riviana  River,  another  tributary,  has  a 
drainage  area  of  774  square  miles.  In  the  51  miles  between  the 
mouth  of  Moormans  River  and  the  James,  there  is  a  fall  of  210  feet, 
and  the  minimum  run-off  is  estimated  at  331  cubic  feet  per  second. 
If  189  feet  of  this  fall  were  developed  there  would  be  a  minimum  of 
6,680  horsepower. 

Roanoke  River. 

On  the  south  the  basin  of  the  Roanoke  adjoins  that  of  the  James. 
Consideration  of  available  power  is  confined  to  that  part  of  the 
river  above  Weldon,  N.  C,  which  is  the  head  of  important  naviga- 
tion. Above  this  point  the  river  has  a  drainage  area  of  8,620  square 
miles.  Its  length,  by  way  of  South  Fork,  to  the  head  of  Bottom 
Creek,  is  272  miles,  and  the  amount  of  water  carried  in  the  channel 
is  equivalent  to  from  0.25  to  0.47  cubic  foot  per  second  per  square 
mile;  that  is,  each  square  mile  of  drainage  area  contributes  a  mini- 
mum flow  of  that  amount  of  water.  There  are  excellent  storage 
facilities  in  the  basin;  if  these  are  properly  developed  it  will  be  pos- 
sible to  control  the  flow  of  the  river  to  an  unusual  degree  and  to 
increase  its  value  enormously.  The  reservoir  sites  shown  in  Table  9 
have  been  selected  as  representing  an  excellent  combination  for  such 
purposes. 

Table  9. — Selected  reservoir  sites  in  the  Roanoke  River  basin. 


stream  and  location. 


North  Fork,  Roanoke  River,  east 
Montgomery  County,  Va 

South  Fork,  Roanoke  River, 
southeast  Montgomery  County, 
Va 

Ooose  Creek,  Bedford  County,  Va 

Roanoke  River,  Bedford  County, 
Va 


Mean 

Catch- 
ment 

annual 
run-off 

area. 

per 

square 

mile. 
Ctt.  feet 

Sq.  miles. 

per  sec. 

120 

1.23 

110 

1.23 

260 

1.2o 

760 

1.23 

Flow 
avail- 
able. 


Cu.  feet 

per  tec. 

150 


140 
320 


930 


Capacity 
of  reser- 
voir. 


1,000,000 

cu.  feet. 

4,820 


4,600 
10,200 

29,700 


Capacity 
of  reser 
voir  in 
catch- 
ment 
area. 


So.  miles. 
120 


110 
260 


760 


Height  „^S^ 
of  dim.  0^22- 


Feet. 
125 


140 
106 


Acre*. 
2,170 


1.790 
6.560 


150       15.000 


The  main  stem  of  the  Roanoke,  from  Weldon,  N.  C,  to  the  junction 
of  North  and  South  forks,  is  249  miles  long,  and  has  a  total  fall  of 
1 ,225  feet.  The  average  slope  is,  therefore,  5  feet  per  mile.  The  fall 
is  not  uniform,  however,  and  there  are  many  precipitous  slopes  which 
afford  favorable  sites  for  power  development.  The  indicated  horse- 
power along  the  river,  as  shown  in  chosen  sections,  is  set  forth  in 
Table  10 
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Table  10. — Indicate  horsepower  developed  by  Roanoke  River  between  Weldon,  N.  C, 

and  junction  of  North  and  South  forks. 


Section  of  ilvei. 


Roanoke  River: 

From  Weldon 
(MUeO)toMile 
6 

From  Mile  6  to 
Mile  12 

From  Mile  12  to 
Mile  29 

From  Mile  29  to 
Mile  45 

From  Mile  46  to 
Mile  58 

From  Mile  58  to 
Clarksyille 

From  Clarksville 
to  Mile  104.5... 

From  MUe  104.5 
to  Scottfl  Ferry. 

From  S  c  o  1 1 8 
Ferry  to  Mile 
132 

From  Mile  132  to 
Clements  Falls. 

From  Clements 
Falls  to  below 
junction  Pig 
River 

From  below  Junc- 
tion Pie  River 
to  Smitn  Moun- 
tain Gap 

From  S  m  1th 
Mountain  Gap 
to  Turners 
Ford 

From  Turners 
Ford  to  Mile 
J19 

From  Mile  219  to 
below  Junction 
Tinker  Creek. . 

From  below  junc- 
tion Tinker 
Creek  to  1  mile 
above  Salem... 

From  1  mile 
above  Salem 
to  junction 
North  Fork  of 
Roanoke  River. 

Total 


5 


u 

I 


Mies. 
6 

6 

17 

17 

12 

12 

34  6 

22 

5.5 
25.6 

22.5 

4.3 

i 
2a7 

'  14 

1 

!    7 

I 

'  12.5 
11 


Bq. 


mUes. 
8,  COO 

8,580 

8,500 

8,250 

7,970 

7,600 

3,300 

2,750 

2,430 
2,080 

1,590 

1,219 

849 
632 
546 

410 


283 


Sec.  ft. 
3,960 

3,960 

3,910 

3,790 

3,670 

3,500 

1,550 

1,240 

1,020 
770 

606 

342 

221 
158 
137 

102 
74 


•OH 


3 


Stfc/l. 
6,tf0 

6,440 

6,380 

6,190 

5,980 

5,700 

2,440 

1,960 

1,630 
1.310 

920 

659 

416 
291 
246 

193 
136 


3 

s 


s 


Feet. 
60 

34 

49 

22.5 

23.5 

47 

66 

36 

37 
97 

64 

15.3 

90 


95 


110 


207 


b 

> 


n 


11 


18,000 

12,200 

17,400 

7,760 

7,840 

14,960 

7,760 

3,950 

3,430 
6,790 

2,950 

476 

1,810 

990 

1,180 

1,020 


29,300 
I  19,900 
28,400 
12,700 
12,800 
24,400 
12,200 
6,200 

5,480 
11,600 

5,350 

916 

3,400 
1,820 
2,130 

1,930 


1,390      2,560 


Horsepower  available 
from  storage  during  a 
period  of— 


, i 


9 

I 


I 

o 

a 


7,000 
4,750 
6,860 
3,150 
3,290 
6,600 
7,700 
4,900 

5,200 
13,600 

7,800 

1,696 


14,000 
9,500 

13,700 
6,300 
6,680 

13,200 

15,400 
9,800 

10,400 
27,200 

15,600 

3,390 


I 

g 

s 

CO 


28,000 
19,000 
27,400 
12,600 
13,200 
26,300 
30,800 
19,600 

20,700 
54,300 

31,100 

6,780 


Obliterated  by  pro- 
posed reservoir. 


920 

1,840 

3,600 

2,600 

6,000 

10,000 

2,900 

5,800 

11,600 

5,460 

10,900 

21,800 

84,305 

Hi8,C10 

336,870 

Tributaries. — The  principal  tributary  of  the  Roanoke,  the  Dan 
River,  is  not  included  in  these  estimates,  because  its  drainage 
area  lies  almost  entirely  below  the  Southern  Appalachian  region 
proper.  The  principal  value  of  the  rest  of  the  tributaries  of  the 
Roanoke  lies  in  the  fact  that  they  are  contributors  to  the  main 
stream.     They  do  not  afford  many  power  sites,  although  there  are 
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some  good  ones  of  limited  capacity.  Otter  River,  between  Little 
Otter  River  and  the  mouth,  is  18  miles  long  and  has  a  total  fall  of 
90  feet.  The  minimum  indicated  horsepower  is  1,430,  and  that 
for  the  6  high-water  months  2,150.  Goose  Creek  below  the  junction 
of  Wolf  Creek  is  21  miles  long  and  has  a  fall  of  125  feet,  which  would 
develop  985  horsepower  for  a  minimum,  or  1,380  horsepower  for. 
the  6  high-water  months.  The  lower  23  miles  of  Blackwater  River 
has  a  fall  of  230  feet,  which  if  all  developed  would  produce  1,260 
horsepower,  or  a  minimum  for  the  6  high- water  months  of  2,520 
horsepower.  The  development  of  all  of  these  tributaries  woidd, 
however,  be  quite  expensive. 

Pedee  River  (Yadkin). 

That  part  of  the  Pedee  system  here  considered  for  power  develop- 
ment lies  entirely  above  Cheraw,  S.  C,  which  is  the  head  of  exten- 
sive navigation.  The  total  length  above  Cheraw  is  253  miles.  The 
name  Pedee  is  given  to  the  river  up  to  the  mouth  of  the  Uharie  River. 
Above  this  point  the  river  is  called  the  Yadkin. 

Among  the  many  reservoir  sites  in  the  Yadkin  basin  those  shown 
in  Table  11  have  been. selected  as  the  most  effective  combination: 

Table  11. — Selected  reservoir  sites  in  the  TadJan  River  basin. 


stream  and  location. 

Catch- 
ment 
area. 

Mean 
annual 
run-ofl 

per 
square 

mile. 

Flow 
avail- 
able. 

Capac- 
ity of 

reser- 
voir. 

Capac- 
ity of 
reser- 
voir in 
catch- 
ment 
area. 

Hefsht 
dam. 

Area 
of 

flow 
line. 

YadWn  River,  Wilkeaboro,  N.  C. . . 

Yadkin  River  at  ElkvUle,  N.  0 

South    Yadkin    River,    Davie 
County,  N.  C 

Square 

fiOO 
230 

730 
120 
290 

Cu.  feet 

per  sec. 

2.72 

2.72 

2.T2 
2.72 
2.72 

Cu,feet 

pertec, 

1,360 

620 

2,000 
330 
790 

UOOOjOOO 
<M./eet. 
42,050 
20,300 

20,500 
9,400 
5,300 

Square 
rniUg. 
480 
230 

230 

110 

60 

Feet. 
130 
140 

80 
100 
100 

Acre*. 
22,600 
10,100 

15,600 

Deep  Creek.  Yadkinville,  N.  C 

Ararat  River,  Surzey  County,  N.  C. 

6,600 
3,700 

The  distance  from  Cheraw,  S.  C,  to  the  mouth  of  Uharie  River  is 
73  miles.  The  first  60  miles,  from  Cheraw  to  Allentown  Ferry,  has 
a  fall  of  136  feet  and  an  average  minimum  discharge  of  2,320  cubic 
feet  per  second.  This  ^111  produce  a  minimum  indicated  horse- 
power of  25,800.  There  are  numerous  shoals  along  this  section,  and 
a  large  proportion  of  the  indicated  power  could  actually  be  developed. 
This  is  also  true  of  the  next  section  of  13  miles  between  Allentown 
Ferry  and  Uharie  River.  The  fall  is  38  feet,  the  minimum  flow 
2,300  cubic  feet  per  second,  and  the  indicated  minimum  horsepower 
7,160.     The  minimum  for  the  6  highest  months  on  the  lower  sec- 
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tion  is  38,800,  and  that  for  the  upper  section  10,700  indicated  horse- 
power.   The  increase  from  storage  would  be  as  follows: 

Lower  section — 37,400  horsepower  for  one  year,  74,800  horse- 
power for  six  months,  and  149,600  horsepower  for  three  months. 

Upper  section — 10,400  horsepower  for  one  year,  20,800  horse- 
power for  six  months,  and  41,600  horsepower  for  three  months. 

The  indicated  horsepower  along  designated  sections  of  the  Yadkin, 
from  the  mouth  of  Uharie  River  to  Buffalo  Creek,  is  given  in 
Table  12. 

Tablb  12. — IndiaUed  hontpoxaer  developed  by    Yadkin  River   between   the  mouth   of 
TJharie  River  and  Buffalo  Creek. 


2  I  I  III  II 1  I  III  I  &v;?r«- "-» * 


Trihiianea- — The  drainage  areas  of  the  tributaries  of  Yadkin  River 
are  generally  too  limited  to  be  important  for  power  development, 
although  the  total  energy  produced  in  them  is  considerable.  South 
Yadkin  River,  for  example,  has  s  length  of  51  miles.  There  is 
a  total  fall  of  618  feet  and  a  minimum  dischai^e  of  262  cubic  feet 
per  second,  giving  an  indicated  minimum  horsepower  of  4,240. 
Ararat  River,  35  miles  long,  has  a  fall  of  700  feet.  Considering  a 
mean  head  of  207  feet  and  a  minimum  discharge  of  230  cubic  feet  per 
second,  there  is  an  indicated  horsepower  of  4,330.  A  large  part  of 
the  power  on  both  streams  would  be  obliterated  by  the  construction 
of  the   proposed  South  Yadkin  and  Ararat  reservoirs.     Conditions 


on  the  reat  of  the  important  tributaries  of  the  Yadkin  are  similar. 
They  are  summed  up  in  Table  13: 

Tabi.e  13. — iTidieated  horttpovieT  developtd  by  tributariei  of  Yadkin  River  {extept  South 
Tadkin  and  Ararat  riven.) 


M 

106 
130 
« 

: 

il 

a 

1 

i 

i 

s 

1 

!l 

3,630 
3,800 
1,9«0 

*,060 
2,960 
3.080 

period  oI~ 

!'! 

1 

Fieher  Rivet,  from 
micbeU       River,' 

af.fl. 

1«0 

170 
ZOO 
300 

3U 

600 

3, 830 

z.cw 
s.ao 

S,38D 

3,700 
1,010 

s.oso 
ig,fao 

! 

None.      None. 

Nods. 

ml     iM 

d^bymi^boro^ 

None.    Power  BlIgbtlT  re- 
du<«db)rWllk.boroKe«. 

None.    Power  Blight  ly  re- 
duced by  Wllkiboro  Itee. 

dSi  ■.  bVTi»«viiil!iS! 

Mulber^'    Sivtr. 
Irom  moutb  to 

"ss^ii-:. 

Louis  Fork,  Irom 
mouth  tohead.  . 

fltony  Creek,  Irom 
mouth  tohead... 

Elk    Ulver,    Irom 
mouth  to  bead-. - 

a7,fl« 
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Santee  River. 
The  Wateree  and  the  Congaree  rivers  join  to  form  the  Santee  180 
miles  above  its  mouth.  The  Santee  proper  is  a  navigable  stream, 
with  comparatively  little  fall,  so  that  power  is  considered  only  for  the 
area  above  the  fork.  On  the  Wateree  the  section  between  the  mouth 
and  Camden  will  not  be  considered. 

CATAWBA    RIVER. 

Table  14  gives  detailed  facts  concerning  the  storage  facilities  at  the 
headwaters  of  Catawba  River,  which  is  the  name  given  to  the  Wateree 
above  the  mouth  of  Wateree  Creek. 


Table  ii.—SeUcted  raervc 

-tr  litea 

n  the  Catawba  River  Basin. 

Stream  and  location. 

Calcb- 

Uean 
mile. 

S: 

£,380 

catch- 

Helght'*~;<^ 
oJdam.'    „„g 

1 

Catawba  River,  aorthweat  Uo;k- 

000 

«0 

Cu.  fiet 
prr«c. 

Cu.fitl 

■"■Si 

790 

*■& 

100 

fed.     Amt. 

Catawba    River,   near   illcliory. 

Catawba  County.  N.  C 

Catawba  River,  weit  ol  Uorgao- 

100      T.nv 

21 

The  indicated  horsepower  developed  by  the  Wateree  and  its  tribu- 
taries is  as  follows: 

The  section  from  Camden  to  the  mouth  of  Wateree  Creek,  17  miles/ 
has  a  total  fall  of  75  feet.  The  mean  drainage  area  is  4,200  square 
miles,  and  the  minimum  flow  2,180  cubic  feet  per  second.  This  will 
develop  a  minimum  indicated  horsepower  of  13,400,  or  a  minimum 
for  the  6  highest  months  of  20,200.  The  storage  indicated  in  the 
above  table  will  increase  the  indicated  horsepower  for  the  section  as 
follows:  8,050  for  one  year,  16,100  for  six  months,  and  32,200  for 
three  months.  The  greater  part  of  this  fall  is  concentrated  in  the 
6}  miles  beginning  with  the  foot  of  Hoke  Shoals.  The  available  fall 
here  is  about  65  feet.  This  would  produce  a  minimum  of  11,600 
horsepower,  or  a  minimum  for  the  6  high-water  months  of  17,300. 
The  increase  by  storage  would  amount  to  about  7,000  horsepower  if 
evenly  distributed  over  a  period  of  twelve  months. 

The  indicated  horsepower  produced  by  the  main  stem  of  the 
Catawba  from  the  mouth  of  Wateree  Creek  to  the  mouth  of  North 
Fork,  together  with  facts  relating  thereto,  is  shown  in  Table  15. 

Table  15. — Indicated  horsepower  developed  by  Catawba  River  between  the  mouth  of 

Wateree  Creek  and  the  mouth  of  North  Fork. 


Section  of  river. 


Catawba  River: 

From  Wateree 
Creek  to  Ca- 
tawba. B.C 

From  Catawba, 
8.  C,  to  Little 
Catawba  River. 

From  Little  Ca- 
tawba River 
to  Catawba, 
N.  C 

From  Catawba, 
N.  C,  to  John 
River 

From  John  River 
to  Linnvllle 
River 


From  Linnvllle 
River  to  North 
Fork. 


Total. 


M{U$ 
29 


28 

00 
46 
77 

17 


8q.  miles. 
3,650 


3,100 


1,870 


1,270 


780 


460 


Sec  ft. 
2,010 


1,860 


1,220 


889 


585 


345 


St 

14 


III 


Sec.  ft. 
3,020 


2,790 


1,830 


1,340 


878 


518 


o 


S 


Feet 
252 


36 


207 


207 


68 


117 


I 

a 
o 


:^ 


46,100 


6,080 


22,900 


16,700 


3,590 


3,670 


99,040 


69,100 


9,090 


34,400 


25,100 


5,380 


5,510 


148,580 


liorsepower  available 
from  storage  during  a 
period  of— 


• 

• 

• 

a 

o 

t 

C9 

i 

rH 

(O 

30,000 

60,000 

4,300 

8,600 

13,550 

27,100 

3,500 

7,000 

I 

CO 


120,000 


17,200 


54,200 


14,000 


Greatly  reduced  by  pro- 
posed Hickory  Reser- 
voir. 


Obliterated  by  proposed 
Morganton  Reservoir. 


51,350 


102,700       205, '^OO 


It  should  be  noted  in  connection  with  Table  15  that  in  all  sections 
above  Little  Catawba  the  indicated  power  will  be  obliterated  or 
modified  by  the  construction  of  the  reservoirs  described  in  Table  14. 
For  example,  in  the  section  between  Little  Catawba  River  and  John 
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River  a  part  of  the  river  bed  would  be  largely  covered  by  the  pro- 
posed reservoirs.  This  would,  of  course,  obliterate  the  natural  slope 
of  the  river  at  some  sections,  so  far,  at  least,  as  it  may  be  available 
for  power  development,  and  would  concentrate  the  fall  at  the  dam 
sites.  The  statements  of  increase  of  power  from  storage  in  the  river 
above  the  mouth  of  little  Catawba  have  been  adjusted  to  meet 
these  changes  in  available  fall. 

GONGAREE   RIVER. 

Congaree  River,  which,  as  has  been  explained,  tmites  with  the 
Wateree  to  form  the  Santee,  is  in  turn  formed  at  Columbia,  S.  C,  a 
few  miles  above  its  mouth,  by  the  jimction  of  the  Broad  and  Saluda 
rivers.  No  report  can  be  made  at  the  present  time  concerning  the 
storage  facilities  for  these  areas,  owing  to  the  want  of  surveys.  For 
this  reason  the  additional  power  which  might  be  derived  from  storage 
will  not  be  considered  in  discussing  the  water  power  in  the  Congaree 
basin. 

BBOAD  RIYEB. 

From  the  junction  of  the  Broad  and  Saluda  rivers,  down  the  Con- 
garee 2  miles,  there  is  a  fall  of  7  feet  which  might  be  somewhat 
increased  by  the  construction  of  a  diversion  dam  10  or  12  feet  high. 
Considering  only  the  natural  fall,  there  is  derived  from  the  7,300 
square  miles  of  drainage  area  and  the  minimum  flow  of  3,650  cubic 
feet  per  second  a  minimum  indicated  horsepower  of  2,090,  which 
could  be  greatly  increased  by  the  development  of  storage  facihties 
on  the  drainage  area  above. 

The  minimum  indicated  horsepower  developed  along  the  Con- 
garee and  Broad  rivers,  together  with  related  facts,  is  set  forth  in 
Table  16. 

Table  10. — Indicated  horsepower  developed  by  Congaree  and  Broad  rivers. 


Section  of  river. 


3 


I    I   i 


Conj^aree  Rl  v  e  r  . 
from  Oranky  to  i 
Broad  (Saluda)   Uaes 


River 
Broad  River:  \ 

From  mouth  to 

Alston 

From  Alston  to 

Oaflney 

From  Gaffney  to 

Green  River... 
From     Green 

River  to  Cove 

Creek 

From.  Cove  Creek 

to  head 


Total. 


2 


25 
80 
36 


18 
24 


S 


8q.  miles, 
7,300 


4,800 
3,000 
1,000 

330 
0  106 


See.  fl. 
3,660 


2,640 

1,800 

700 

184 
106 


pi 
3 


Sec.  fl. 
5,480 


3,960 
2,700 
1,050 

276 


I 

•a 

4* 
fl 

s 

1.1 


Feet. 
6 


81 
288 
196 

36 


o 


c 

s 


fe.fiP 
Sr  c 


Horsepower  available 
from  storage  during  a 
period  of— 


2,090 

19,400 
47,200 


3,130 

29,200 
70,700 


12.500     18,700 


I 


159  ,  b  740 


602 
7,130 


900 
10,700 


o 

a 

CI 


a 

o 

B 

«0 


Not  ascertained. 


Not  ascertained. 
Not  ascertained. 
Not  asoertamed. 


No; 

No; 


88,922   133.330 


ascertained, 
ascertained. 
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Trihutaries  iff  Broad  River. — Many  excellent  sites  for  power  devel- 
opment may  be  found  on  the  tributaries  of  Broad  River.  From  the 
head  to  the  mouth  of  First  Broad  Biver,  for  example,  a  distance  of 
35  miles,  there  is  a  total  fall  of  900  feet,  of  which  it  is  estimated 
that  320  feet  is  a  fair  amount  to  use  for  calculation  of  available  power. 
The  drainage  area  at  the  mouth  is  275  square  miles,  and  the  minimum 
discharge  275  cubic  feet  per  second,  which  will  develop  an  indicated 
horsepower  of  8,000.  On  the  Second  Broad  Biver,  in  the  17  miles 
from  the  mouth  to  Logans  Store,  there  is  a  fall  of  about  240  feet," 
which  will  develop  an  indicated  horsepower  of  2,940. 

BALUDA    KITBR. 

Facts  concerning  the  indicated  horsepower  on  the  Saluda  River 
and  its  principal  tributaries  are  set  forth  in  Table  17. 
Tablb  n.-^Indicalid  hor$epowfr  developed  bg  Saluda  Siver  and  principal  Iribulariei. 


SecttoDof  iln 


I. 


III: 


SI 


I       I 


il 


Horsepower     arailsble 
from  storage  durluK  s 


Hi  i 


•u\ 


;  31.600  '         Not  ascerUlned. 


Not  uoertAlned. 


Not  SBoertBtned, 
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Savannah  River. 

Savannah  River  is  formed  by  the  junction  of  the  Seneca  and 
Tugaloo  rivers  at  Andersonville,  S.  C,  246  miles  above  the  mouth, 
or  100  miles  above  Augusta,  Ga.  Tugaloo  River  is,  in  turn,  formed 
by  the  jimction  of  the  Tallulah  and  the  Chattooga,  48  miles  above 
the  junction  of  the  Tugaloo  and  Seneca.  In  this  paper  the  discus- 
sion of  water  power  on  the  Savannah  River  is  confined  to  the  part 
of  the  drainage  area  Ijring  above  Augusta.  The  drainage  area  of 
Savannah  River  above  this  point  is  7,300  square  miles.  The  head- 
waters are  well  suited  to  the  development  of  storage  reservoirs,  and 
from  those  parts  of  the  basin  upon  which  surveys  have  been  made 
there  have  been  selected  a  number  of  reservoir  sites,  the  character- 
istics of  which  are  set  forth  in  Table  18. 

Table  18. — Selected  reservoir  sites  in  the  Savannah  River  basin. 


stream  and  location. 


Keowee  River,  Pickens  County, 
S.C 

Little  River,  Oconee  County,  S.  C. 

Twelve-Mile  Creek,  Pickens  Coun- 
ty, 8.  C 

Twenty-three  Mile  Creek,  Ander- 
son County,  S.  C 

Conneross  Creek,  Oconee  County, 
S.C 

Tugaloo  River,  southwest  Oconee 
County,  8.  C 

Chattooga  River,  west  Oconee 
County,  8.  C 

Chattooga  River,  west  Oconee 
County,  8.  C 

Tallulah  River,  Rabun  County, 
Ga 

South  Fork  River,  Oglethorpe 
County,  Oa , 

Broad  River,  Madison  County,  Ga 

Hudson  River,  Banks  Countv,  Ga, 

Beaver  Dam  Croek,  east  of  £iber- 
ton,  Ga , 

Rocky  River,  near  Lowndcsville, 
s.  c...... , 


Catch- 
ment 
area. 

Mean 
annual 
run-off 

per 
square 

mile. 

Square 
mUea. 
270 
90 

Ctt.  feet 

per  sec. 

3.45 

3.45 

IGO 

3.45 

150 

3.45 

80 

3.45 

260 

3.45 

120 

3.45 

igo 

3.45 

130 

4.35 

*         260 
440 
180 

1.89 
1.89 
1.89 

110 

1.89 

240 

1.89 

Flow 
availa- 
ble. 


Ou.  feet 

per  aec. 

930 

310 

550 

620 

280 

900 

410 

660 

570 

490 
830 
340 

210 

450 


Capacity 
of  reser- 
voir. 


Capacity 
of  reser- 
voir In 
catch- 
ment 
area. 


1,000,000 
cu.  feet. 
25,130 
8,480  i 

2,210  ! 

16,370 

I 
1,700 

11,870 
9,470 

15,920 

2,440 

1,940 

28,590 

4,680 

7,030 

9,680 


Square 
miles. 
230 
80 

20 
140 

20 
110 

90 
140 

20 

30 

440 

80 

110 

160 


Height 
of  dam. 


Area  of 
flow 
line. 


Feet. 

150  I 
100  , 

SO 

70 


50 
100 


I 


Acres, 
11,240 
5,820 

3,030 

6,620 

2,330 

8,140 


150 

3,310 

150 

4,690 

90 

1,860 

50 
98 
50 

2,660 

17,850 

6,420 

96 

3,960 

100 

6,580 

That  part  of  the  Savannah  River  lying  between  Augusta,  Ga.,  and 
the  mouth  of  Seneca  River,  100  miles  long,  has  been  divided  into  5 
sections  for  the  purpose  of  considering  indicated  power  as  shown  in 
Table  19. 
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Tablb  19. — Indicated  horgepower  developed  hy  Savannah  River  between  Augtuta^  Oa,, 

and  Seneca  River. 


Section  of  riTcr. 


SaTazinali  Rivrr: 

From  Augusta, 
Ga.,toh<>adoT 
dam 

From  bead  of 
dam  to  Little 
River,  8.  C 

From  Little  Riv- 
er. 8.  C,  to 
Broad  River... 

From  Broad 
River  to  Sea- 
board Air  Line 
bridge 

From  Seaboard 
Air  Line  brid|^ 
to  Seneca  Riv- 


er. 


Total, 


Mae8 

7 


30 


16 


12 


35 


Sq.  miUt. 
7,000 


6,800 
4,700 

2,800 

2,220 


I 


Stc.ft. 
4,200 


3,770 
3,200 

2,240 

2,000 


§1 


a 


Sec.  ft. 
6,300 


6,660 
4,040 

3,360 

3,000 


a 

S 

I 

s 


FeH. 
40 


05 
21 

81 

121 


t 


a 


15,500 


32,700 


6,190 


16,500 


22,000 


II 


§ 


02,800 


23.200 


40,000 


0,270 


24,700 


32,000 


130,070 


Horsepower  available 
from  storage  during  a 
period  of— 


e 

o 

a 


18,200 


43,000 


0,300 


28,000 


35,500 


134,000 


o 

a 


36^400 


86,000 


18,600 


56,000 


71,000 


268,000 


§ 

a 

CO 


72,800 


172,000 


37,200 


112,000 


142,000 


536,000 


TUGALCK)    RIVER. 

In  Tugaloo  River,  there  is  a  section  between  the  mouth  of  the 
river  and  Madison,  33  miles  in  length,  along  which  there  is  a  fall  of 
135  feet.  The  mean  drainage  area  is  790  square  miles,  and  the 
minimum  flow  790  cubic  feet  per  second,  which  would  produce  a 
minimum  indicated  horsepower  of  8,730,  or  a  minimuin  for  the  6 
highest  months  of  13,100.  This  would  be  increased  by  storage  to 
14,000  horsepower  if  distributed  evenly  over  one  year,  or  to  28,000 
if  utilized  during  a  low-water  season  of  six  months.  The  next  sec- 
tion, between  Madison,  S.  C,  and  the  mouth  of  Tallulah  River,  is  16 
miles  long,  with  a  total  fall  of  114  feet.  The  mean  drainage  area  is 
530  square  miles,  which  produces  a  minimum  run-oflf  of  689  cubic 
feet  per  second.  This  will  afford  a  minimum  indicated  horsepower 
of  6,430,  or  a  minimum  for  the  6  highest  months  of  9,630.  The 
increase  from  storage  facilities  would  be  8,240  if  distributed  over 
twelve  months,  or  16,480  for  a  six  months'  period.  The  greatest 
fall  is  in  the  upper  portion  of  this  section.  In  the  8  miles  from  the 
junction  of  Tallulah  and  Chattooga  rivers  down  to  Big  John  Creek 
there  is  a  total  fall  of  104  feet. 


CHATTOOGA   RIVER. 


Chattooga  River  is  39  miles  long  from  its  confluence  with  the 
Tallulah  to  the  head  of  West  Fork.  The  indicated  horsepower 
developed  and  the  facts  relating  thereto  are  shown  in  Table  20. 
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Tablb  20. — Indicated  horsepower  developed  by  Chattooga  River  between  Us  confluence 

with  the  Tallulah  and  West  Fori, 


Section  of  river. 


Chattooga  River: 

From  Tallulah 
River  to  Ste- 
koa  Creek. 

From  Stekoa 
Creek  to  Clay- 
ton Station 

From  Clayton 
Station  to 
Warwoman 
Creek 

From  Warwom- 
an Creek  to 
West  Fork . . . . 


Total. 


naut 

7 


3 


13 


8 


-a 

% 


Sq.  mUes. 
266 


210 


188 
125 


t 

3 


II 

.d 


Sec.  ft. 


815 


285 

188 


I 

8 

i 

3 


Sec,  ft. 


472 


428 


282 


Feet. 
266 


105 


0288 


9,680 
3,020 

7,460 
1,100 


II 
ill 


3 


I,  0 


14,400 
4,520 

11,200 
1,780 


21,800 


81,000 


Horsepower  available 
from  storage  daring  a 
period  of— 


§ 

s 


I 

o 


I 

o 
B 

CO 


Submerged. 


5,320 


1,500 


10,640 


3,000 


Submerged. 


6,820 


13,640 


21. 


6,000 


27,290 


o  Fall  reduced  to  about  33  feet  by  proposed  reservoirs. 

As  Table  20  shows,  the  course  of  Chattooga  River  is  steep,  and  it 
is  probable  that  in  the  actual  economical  development  of  the  power 
available  all  the  fall  could  be  utilized.  In  other  words,  the  indicated 
horsepower  represents  the  actual  minimum  available. 

Tributaries  of  Chattooga  River, — North  Fork,  from  its  mouth  to  its 
head,  is  8  miles  long  and  has  a  total  fall  of  1,000  feet.  Considering 
440  feet  of  this  fall  as  available  for  development  there  would  be  pro- 
duced 3,360  minimum  horsepower.  West  Fork  also  is  8  miles  long 
from  its  mouth  to  its  head.  There  is  a  mean  head  of  300  feet,  which, 
with  a  discharge  of  93  cubic  feet  per  second,  would  produce  a  mini- 
mum of  2,540  horsepower.  Several  good  opportunities  for  small 
power  installation  are  afforded  by  Toccoa  and  Brasstown  creeks  and 
Chauga  River,  tributaries  of  Tugaloo  River.  Stekoa  Creek  from  its 
junction  with  Chattooga  River  to  its  head,  a  distance  of  9  miles,  has 
a  total  fall  of  900  feet  and  a  mean  head  of  500  feet,  which  will  pro- 
duce an  indicated  minimum  horsepower  of  2,640,  or  a  minimum  for 
the  6  highest  months  of  3,960. 

Warwoman  Creek,  a  tributary  of  Chattooga  River,  is  7  miles  long, 
and  has  a  total  fall  of  600  feet,  and  a  mean  head  of  305,  which  will 
produce  a  minimum  horsepower  of  1,750,  with  a  minimum  for  the  6 
lughest  months  of  2,620. 

TALLULAH    RIVER. 


Tallulah  River  from  head  to  mouth  is  about  44  miles  long.  Along 
the  lower  35  miles  there  is  a  total  fall  of  716  feet,  of  which  probably 
90  per  cent  could  be  utilized.     In  other  words,  the  indicated  horse- 
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power  for  this  35  miles  is  the  same  as  the  power  actually  available 
for  economic  development.     The  facts  are  given  in  Table  21. 

Table  21. — Indicated  horsepower  developed  by  Ttdlulah  River. 


Sectton  of  river. 


Tallnlah  River: 

From  mouth  to 
foot  of  Talhi- 
lah  FftllB. 

From  foot  of  Tal- 
lulah  FalU  to 
headof  fallfl... 

From  bridffe  at 
head  of  faUa  to 
2  miles  above 
faUa 

From  2  miles 
above  falls  to 
Persimmon 
Creek 

From       Persim- 
mon Creek  to 
bead 


Total. 


MOes 

2.6 


29 


10 


I 


Itt 


101 


U8 


138 


e61 


i 

8 


Sec. 


2S0 


200 


257 


186 


85 


Sec. 


•A 


886 


270 


128 


3 

5 


I 
S 


Feet. 
a220 


800      865 


130 


»280 


<I330 


s 


6,880 


8,640 


8,060 


4,730 


2,550 


24,350 


I 


o 


OS 


Horsepower  available 
from  ston^  during  a 
period  of— 


'3 


•2      I 


111 


8,070 


13,000 


5,880 


7,100 


3,820 


.a 

I 

s 

9 


760 


2,060 


09 

Xi 

*» 

a 

o 

S 

to 


1,060  1      2,120 


800        1,600 


None.  I    None. 


37,870 


5,570      11,140 


o  Fall  rodooed  to  104  leet  by  proposed  upper  Chattooga  reservoir. 
^  Fall  reduced  to  110  feet  hj  Tauulah  reservoir. 


c  Total  area, 
tf  .Mean  head. 


00 

.a 

0 

o 

6 

n 


1,520  3,040 


6,000  I      11,800 


4,240 

3,200 
None. 


22,280 


SENECA  RIVEB. 

Along  the  first  section  of  22  miles  of  Seneca  River,  viz,  from  the 
mouth  to  Twelve-Mile  Creek,  there  is  a  rise  of  about  136  feet.  The 
mean  drainage  area  of  780  square  miles  produces  a  minimum  discharge 
of  749  cubic  feet  per  second,  which  will  produce  a  minimum  horsepower 
of  8,270,  or  a  minimum  for  the  6  highest  months  of  12,400.  The 
next  section,  6  miles  long,  lying  between  the  mouth  of  Twelve-Mile 
Creek  and  the  confluence  of  Little  and  Keowee  rivers,  has  a  total 
fall  of  about  30  feet,  and  a  minimum  discharge  of  460  cubic  feet  per 
second,  which  will  provide  a  minimtim  indicated  horsepower  of  1,130 
and  a  minimum  for  the  6  highest  months  of  1,700.  Keowee  River, 
a  tributary  of  the  Seneca,  15  miles  long  from  its  mouth  to  the  mouth 
of  White  Water  Creek,  has  a  total  fall  of  140  feet,  which  will  pro- 
duce a  minimum  indicated  horsepower  of  2,860.  White  Water  Creek, 
above  mentioned,  along  its  lower  5  miles,  has  a  fall  of  80  feet,  with  a 
minimum  discharge  of  150  cubic  feet  per  second,  which  will  produce 
a  minimum  of  981  indicated  horsepower.  The  remaining  6  miles  of 
White  Water  River  has  a  total  fall  of  about  2,500  feet,  and  the  mean 
working  head  for  power  development  has  been  considered  as  1,200 
feet.     The  minimum  discharge  is  60  feet  per  second,  which  will  pro- 
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vide  for  a  minimum  of  6,540  indicated  horsepower,  or  a  minimum 
during  the  6  highest  months  of  9,810.  This  is  an  exceptionally  good 
power  stream  for  comparatively  small  installation.  Twelve-Mile 
Creek,  another  tributary  of  the  Seneca,  is  26  miles  long  from  mouth 
to  head,  and  has  a  mean  fall  of  300  feet,  which  will  produce  a  mini- 
mum indicated  horsepower  of  4,140.  Other  tributaries  of  the  Seneca 
are  Little  River,  with  a  working  head  of  180  feet  and  a  minimunn 
indicated  horsepower  of  2,700;  also,  Estatoe  Creek,  with  a  working 
head  of  340  feet  and  a  minimum  indicated  horsepower  of  1,850. 
Horsepasture  River,  a  tributary  of  the  White  Water,  is  20  miles  long 
from  mouth  to  head.  The  total  working  head  for  power  develop- 
ment is  about  1,430  feet,  which  will  produce  a  minimum  indicated 
horsepower  of  about  6,650,  with  a  proper  distribution  of  the  unit. 

Chattahooohee  Riveb. 

Consideration  of  power  in  the  Chattahoochee  basin  is  confined  to 
that  part  of  the  drainage  area  above  Coltunbus,  6a.,  at  which  point 
the  river  has  a  drainage  area  of  4,900  square  miles.  The  distance  to 
the  head  of  the  river  is  263  miles.  Table  22  gives  a  statement  con- 
cerning reservoir  sites  in  the  basin,  and  their  capacities. 

Table  22. — Selected  reservoir  sites  in  the  Chattahoochee  River  batin. 


Stream  and  location. 


Chattahoochee    River    north    of 

Gainesville,  Oa 

Chestatee    River    northwest    of 

Oainesvllle«  Oa 

Chestatee  River  east  of  Dahlonega, 

Ga 

Chattahoochee     River    east     of 

White  County,  Ga 


Catch- 
ment 
area. 


Square 
miUs. 
3fi0 

140 

IfiO 

110 


Mean 
annual 
run-off 

per 
squavB 

mile. 


Cu.feet 

per  sec. 

2.34 

2.34 

2.34 

2.34 


Flow 
avail- 
able. 


CiLfeet 

per  sec. 

820 

330 

850 

260 


Capacity 
of 
reser- 
voir. 


IflOOflOO 
cubic  feet. 
24,360 

10,640 

8,300 

5,  £20 


Capacity 

of 
reservoir 
in  catch- 
ment 
area. 


Square 
mUea. 
320 

140 

40 

70 


Hei^t 
dam. 


FeeL 
140 

100 

100 

100 


Area 

of 

flow 

line. 


Aeret. 
11,110 

7,300 

2,2G0 

8,790 


The  facts  concerning  indicated  horsepower  in  the  various  sections 
from  Columbus  to  Santee  Creek  are  set  forth  in  Table  23. 
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Tablb  23. — InOcaJUd  hanepower  developed  by  Chattahoochee  River  between  Columhu 

and  Santee  Creek, 


Section  of  river. 


Chattahoochee 
River: 

From  CoIiunbuB 
to  West  Point. 

From  West 
Point  to 
FrankUn. 

From  FrankUn 
to  Oakdale.... 

From  Oakdale 
toRoswelL.... 

From  RoBwell  to 
Norcross 

From  Norcross 
to  Ghestatee 
River 

From  Chestatee 
River  to  Soqne 
River 

From  Soque 
River  to  Leal 
Station 

From  Leaf  Sta- 
tion to  Santee 
Creek 


UOes. 
36 


38 
66 
17 
13 


Total. 


27 


40 


3 


10 


3q.  mUet. 
4,100 


1,460 
1,200 

1,040 

460 

162 

130 


Sec. 


eft. 
,100 


1,800 
1,600 
1,280 
1,100 

1,040 

640 

228 

106 


3 

I 

I 
S 


Sec.  ft. 
3,360 


2,880 
2,400 
2,060 
1,760 

1,660 

864 

366 
202 


Fut. 
326 


68 
101 
101 

28 

63 
al68 

71 
84 


\ 


"lA 


W 


Horsepower  available 
from  storaipB  during  a 
period  of— 


g 


62,000 

11,100 

13,800 

11,700 

2,790 

6,960 

8,260 

1,480 

1,480 


118,570 


09,000 

17,700 

22,000 

18,700 

4,460 

9,640 

13,200 

2,360 

2,230 


180.190 


I 


44,600 

9,300 
13,800 
13,800 

3,800 

8,660 
2,960 
1,220 
1,440 


99,560 


I 

o 
S 

« 


a 
o 

CO 


89,200 

18,600  i 
27,600 
27,600 
7,600 

17,300 

6,900 

2,440 


178,400 

37,200 
66,200 
65,200 
16,200 

34,600 

11,800 

4.880 


2,880  5,760 


199,120  I    398. 2<0 


a  Fall  reduced  to  65  feet  by  proposed  QalnesvlUe  reservoir. 

Tributaries. — ^The  Chestatee  River,  an  important  tributary  of  the 
Chattahoochee,  is  56  miles  long  and  has  a  total  drainage  area  of  320 
square  miles.  The  lower  18  miles  of  the  river  have  a  fall  of  120  feet, 
and,  as  the  minimum  discharge  of  the  section  is  336  cubic  feet  per 
second,  the  indicated  horsepower  is  3,300  and  the  minimum  for  the 
6  highest  months  would  be  4,950  horsepower.  The  increase  from 
storage  would  be  1,880  horsepower  with  fuU  reservoir  capacity  dis- 
tributed over  six  months,  although  the  fall  would  be  reduced  to  24 
feet  by  the  Chestatee  reservoir.  The  next  19  miles  from  the  top  of 
the  dam  at  New  Bridge  has  a  fall  of  145  feet,  which  would  develop  an 
indicated  horsepower  of  2,840.  Another  important  tributary  of  the 
Chattahoochee  is  the  Soque,  which  in  6  miles  has  a  fall  of  116  feet  and 
a  minimum  discharge  of  197  cubic  feet  per  second.  This  will  pro- 
duce a  minimum  indicated  horsepower  of  1,870,*  or  a  minimum  for 
the  6  highest  months  of  2,800. 

Coosa  Riveb. 

The  Alabama  River,  a  tributary  of  the  Mobile  River  system,  is 
formed  by  the  junction  of  the  Coosa  and  Tallapoosa  rivers,  a  few 
miles  above  Montgomery,  Ala.  In  this  paper  the  consideration  of 
power  is  confined  to  the  Coosa  River  drainage  area.     The  Coosa 
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River  forks  at  Rome;  Ga.^  and  above  this  point  the  south  branch  is 
known  as  the  Etowah  and  the  north  branch  as  the  Oostanaula.  The 
characteristics  of  selected  reservoir  sites  are  set  forth  in  Table  24. 

Table  24. — Selected  re$ervoir  aitea  in  the  Alabama  River  basin. 


Stream  and  location. 


Catch- 
ment 
area. 


Etowah  River,  Dawson  County,  Oa. 

Etowah  River,  east  of  Cartersviile, 
Ga 

Oostanaula  River,  near  Rome,  Oa.. 

Pinelog  Creek,  northeast  of  Rome, 
Ga 

Goosawattee  River,  Gordon 
County,  Ga 

Conasauga  River,  east  of  Dalton, 
Ga 

Conasauga  River,  above  last  sec- 
tion  

Coosa  River,  above  Gadsden,  Ala  . . 


Square 
mdet. 
270 

020 
1,670 

110 

531 

470 

150 
5,540 


Mean 
annual 
run-off 

per 
square 

mile. 


Cu.  feet 

per  sec. 

2.54 

2.54 
2.25 

2.25 

2.34 

2.25 

2.25 
1.76 


Flow 
avail- 
able. 


Capacity 
of 
reser- 
voir. 


Cu.  feet 

per  sec. 

690 

2,300 
3,800 

250 

1,200 

1,000 

340 
10,560 


IfiOOjOOO 

cu.jeeL 

6,020 

63,500 
3,200 

2,000 

2,200 

18,400 

7,700 
9,800 


Capacity 

of 
reservoir 
in  catch- 
ment 


Square 
miles. 
80 

800 

40 

30 

30 

250 

110 
130 


Hei^t 
dam. 


FeeL 
100 

180 
40 

50 

30 

60 

50 
46 


Area 
of 

flow 
line. 


Acres, 
4,200 

24,000 
5,640 

2,840 

5,040 

25,600 

10,720 
15,200 


The  indicated  horsepower  developed  by  the  Coosa  River  along 
various  sections  from  Wetiunpka  to  Rome  is  set  forth  in  Table  25. 

Table  25. — Indicated  horsepower  developed  by  Coosa  River  between  Wetumpha  and 

Rome. 


Section  of  river. 


Coosa  River: 

From  Wetumpka 
toTownCroek. 

From  Town 
Creek  to 
Hatchet  Creek . 

From     Hatchet 
Creek  to  Waxa- 
hatchee  Creek. 

From  Waxa- 
hatchee  Creek 
to  Beeswax 
Creek 

From    Beeswax 
Creek  to  Tallas- 
seehatchee 
Crook 

From  Tallassee- 
hatchee  Creek 
to  Choocolooco 
Creok 

FromChocco- 
locco  Creek  to 
below  Lock  No. 
3 

From  foot  of 
Lock  No.  3  to 
head  of  Lock 
No.l 


Total. 


Mies. 
16 


14 


15 


15 


16 


30 


32 


I 
^ 


Sq.tnUes. 
10,000 


9,500 


9,000 


^ 


Sec.  ft. 
4,000 


3,800 


3,600 


8,600  I    8,400 


7,500 


7,000 


5  6,500 


3,000 


2,800 


2,600 


II 

1 

• 

1 

33*3 

1 

i  -c  p 

M 

& 

^ 

^ 

Sec.  ft. 
0,800 

Feet. 
78 

6,460 

36 

6,120 

80 

5,780 

80 

5,440 

8 

5,100 

42 

4,760 

26 

Horsepower  available 
from  storage  during  a 
period  of— 


4,420 


21 
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From  Wetmnpka  up  to  Greensport,  a  distance  of  about  140  miles, 
the  slope  is  comparatively  steep.  Plans  for  the  canalization  of  this 
river  for  navigation  involve  the  construction  of  a  series  of  31  locks  and 
dams,  which  would  practically  utilize  all  the  fall  between  the  two 
points.  Thus,  the  statement  of  indicated  horsepower  approximates 
that  which  could  be  economically  developed  in  practice.  Above 
Ijock  No.  1  at  Greensport  the  river  extends  130  miles  to  Rome,  but 
the  fall  is  only  55  feet  and  no  waterpower  is  available. 

The  Oostanaula  River,  the  northern  affluent  of  the  Coosa,  is 
formed  at  Resaca  by  the  jimction  of  the  Coosawattee  and  the  Con- 
nasauga.  This  point  is  43  miles  above  Rome.  Along  this  stretch 
there  is  a  total  fall  of  50  feet,  which  is  a  little  more  than  1  foot  per 
mile,  and,  therefore,  the  country  is  not  well  adapted  for  the  develop- 
ment of  power.  The  Coosawattee,  from  its  mouth  22  miles  up  to 
Talking  Rock,  has  a  fall  of  62  feet.  The  drainage  area  for  the  section 
is  680  square  miles  and  the  minimum  discharge  476  cubic  feet  per 
second,  which  will  provide  a  minimum  indicated  horsepower  of  2,410. 
From  Talking  Rock  up  to  the  head  of  the  river  at  Ellijay,  a  distance 
of  23  miles,  there  is  a  total  fall  of  582  feet.  The  mean  drainage  area 
for  the  section  is  300  square  miles  and  the  minimum  flow  is  345  cubic 
feet  per  second,  which  will  provide  a  minimum  indicated  horsepower 
of  16,500.  As  the  river  along  this  section  is  a  continuous  shoal,  the 
entire  fall  is  available  for  development.  Hence  the  figure  given 
above  can  be  easily  realized  in  actual  practice.  Cartecay  River,  an 
important  tributary  of  the  Coosawattee,  has  a  fall  of  390  feet  in  the 
15  miles  from  the  mouth  up  to  Pimipkin  Creek.  The  mean  dis- 
chaige  is  144  cubic  feet  per  second;  the  minimum  indicated  horse- 
power produced  is,  therefore,  4,590,  and  the  minimum  for  the  6 
highest  months  is  6,880. 

The  Connasauga  River,  the  other  affluent  of  the  Oostanaula,  has  a 
minimum  indicated  horsepower  of  6,650,  distributed  along  the  32 
miles  of  the  river  from  Beaverdale  to  the  head  and  along  the  Jack 
River,  a  tributary  of  the  Connasauga. 

ETOWAH   RIVER. 

We  come  now  to  the  Etowah  River,  the  southern  affluent  of  the 
Coosa.  The  horsepowers  developed  by  various  sections  of  the  river 
are  shown  in  Table  26. 
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Table  26. — Indicated  horsepower  developed  by  Etowah  River, 


Section  of  river. 


Etowah  River: 

From  mouth  to 
EuharlieCreek. 

From  Euharlle 
Creek  to  Car^ 
tersville 

From  Carters- 
Tiile  to  Owl 
Creek 

From  Owl  Creek 
to  Little  River. 

From  Little 
River  to  Aml- 
calola  River... 

Ftom  Amicalola 
River  to  Nlm- 
blewlll  Creek... 

From  Nimblewill 
Creek  to  Jones 
Creek.....    ... 

From  J  o  A  e  8 
Creek  to  head.. 


Total. 


MQes. 
31 


15 

10 
7 

96 

20 

1 
7 


Sq. 


1,720 

1,270 

1,040 
036 

490 

UO 

43 
a23 


I 
9 


Sec.  ft. 
912 


696 

624 
608 

441 

110 

47 
25 


i 


2 

o 

s 

i 


t 


Sec,  ft. 
1,370 

1,050 

996 
912 

663 

165 

70 
38 


Feet. 
72 


36 

a84 
17 

5225 

315 

27 
'210 


5^970 

2,290 

4,750 
945 

9,000 

3,150 

115 
477 


266,970 


t 


o 
.a 


s 

a 


! 

I 


a 

o 


8,950 

3,430 

7,190 
1,420 

13,500 

4,720 

173 
716 


40,039 


Horsepower  available 
from  storage  during  i 
period  of— 


o 

a 


16,000 


I 

o 

e 

n 


32,000 


8,000  I    16,000 


14,000      28,000 


64,000 


32,000 


Submerged. 


1,800 


None. 


3,600 


None. 


None.      None. 


None. 


39,800 


None. 


79,600 


56,000 


7,300 
None. 

None 

None. 


169,200 


a  Reduced  to  70  ftet  bv  proposed  Cartersville  reservoir. 
5  Reduced  to  105  feet  by  proposed  Dawson  reservoir. 


c  Total  area, 
d  Mean  head. 


OHIO  BIVEB  TBIBT7TABIES. 

The  tributaries  of  the  Ohio  River  considered  in  this  discussion  are 
the  Monongahela,  Great  Kanawha,  and  Tennessee.  Two  other 
great  streams  have  their  headwaters  in  the  Southern  Appalachians, 
the  Kentucky  and  Cumberland  Rivers,  but  they  are  not  considered 
in  this  paper,  because  the  surveys  available  in  their  drainage  areas 
cover  so  small  an  area  that  a  comprehensive  statement  concerning 
the  power  developed  on  each  can  not  be  made  at  this  time. 

MONONGAHELA   RiVER. 

Monongahela  River  joins  with  the  Allegheny  at  Pittsburg  to  form 
the  Ohio.  The  drainage  area,  7,350  square  miles  in  extent,  lies 
within  the  States  of  Pennsylvania,  West  Virginia,  and  Maryland. 
A  short  distance  above  the  confluence  of  the  Monongahela  with  the 
Allegheny,  the  Youghiogheny  enters.  This  stream  has  a  drainage 
area  of  1,750  square  miles.  ' 

Monongahela  River  has  been  extensively  canaUzed  for  navigation, 
there  being  15  locks  and  dams  between  the  mouth  and  Fairmont, 
W.  Va.  The  effect  of  these  dams,  so  far  as  power  is  concerned,  is  to 
concentrate  the  natural  fall  of  the  river  at  15  points,  which  would 
provide  excellent  water-power  facilities,  if  the  amount  of  summer 
flow  were  sufficient  to  make  development  worth  while.  Therefore, 
it  will  be  seen  that  the  preservation  of  simimer  flow,  through  the  for- 
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est.&tion  of  the  uplands  and  the  installation  of  reservoirs,  is  one  of 
tlie  directly  important  features  of  improvement  in  these  drainage 
are&s.  From  among  the  many  reservoir  sites  that  appear  upon  a 
survey  of  the  basin,  those  shown  in  Table  27  have  been  selected  as 
producing  the  best  combination  for  all  purposes. 


Table  27. — Selected  reservoir  ntes  in  the  Monongahela  River  basin. 


Stream  and  location. 


Catch- 
ment 
area. 


I>iinkard  Creek,  Cass  County,  W.  j 

Va 

Buffalo  Creek,  Mannington,  W.  Va. 
Hooths  Creek,  Monon^h,  W.  Va. . 

Sandy  Creek,  Orafton,  W.  Va 

Tcter  Creek,  NestorvUle,  W.  Va. . . 

Elk  Creek,  CUrksburg,  W.  Va 

^W^est  Fork  River,  Clarksburg,  W. 

Va 

Buckhannon  Rlyer,  Buckhannon, 

W.  Va , 

Middle    Fork    Tygart,    Barbour 

County,  W.Va 

Cheat  River,  Tucker  County,  W. 

Va 

Tygart  River,  Beverly,  W.  Va 


Square 

mttes. 

160 

40 

40 

80 

40 

100 

380 

310 

140 

820 
330 


Mean 
annual 
run-off 

per 
square 

mile. 

Flow 
avaU- 
able. 

Capacity 

reser- 
voir. 

Capacity 

ol 
reservoir 
In  catch- 
ment 
area. 

(7tt.  feet 

(7u.  feet 

IfiOOfiOO 

Sqwire 

per  sec. 

per  tec 

ctt.  feet. 

mSUi. 

1.7 

270 

8,300 

160 

1.7 

70 

2,400 

40  ' 

1.7 

70 

2,800 

40 

1.7 

140 

6,200 

80 

1.7 

«0 

2,600 

40 

1.7 

170 

5,000 

100 

1.7 

640 

24,700 

380 

1.7 

530 

18,800 

310 

1.7 

230 

8,100 

140 

1.7 

1,400 

23,800 

440 

1.7 

560 

19,100 

330 

Helcht 
dam. 

Area 

of 
flow 
luie. 

» 

, 

Feet. 

Acres. 

100 

5,800 

59 

2,100 

101 

1,600 

155 

3,600 

115 

1,300 

92 

4,500 

100 

15,900 

TJ 

13,300 

107 

4,300 

200 

6,600 

142 

10,000 

Monongahela  River  is  formed  a  short  distance  above  Fairmont, 
W.  Va.,  by  the  junction  of  Tygarts  Valley  River  and  West  Fork. 
The  indicated  horsepower  developed  by  the  main  stem  is  set  forth  in 
Table  28. 

Table  28. — Indicated  horsepower  developed  by  Monongahela  River, 


Section  of  river. 


5 


lionongahel  a 
River: 

From  lower  level 
Dam  No.  1  to 
upper  level 
Pam  No.  4. 

From  lower  level 
Dam  No.  5  to 
upper  level 
Dam  No.  6. 

From  lower  lovd 
Dam  No.  7  to 
upper  level 
Dam  No.  9. 

From  lower  level 
Dam  No.  10  to 
upper  level 
Dam  No.  15 

Total 


MUet 

39.2 


9l8 


lao 


2L4 


at 
g 


8q.  mUes, 
r..280 


4,790 
3,600 
2,510 


I 


9 


Sec.  ft. 


.ft. 
879 


671 


504 


351 


III 


Sec.  ft. 
3,450 


2,640 
1,980 
1,360 


;3 

3 

o 


s 


Feet. 
2&8 


23.0 


29.7 


57.6 


Ih    t^ 

aj 

Hi  ^ 

% 

I* 

% 

s 

^1 

s-S, 

u 

o 

§2 

A 

•2«  • 

g 

E  tcx 

s 

C  c  '^ 

0 

E-Cg 

3 

55s! 

s 

S 

2,300      9,030 


1,400  '    5,520 


1,360 


1,840 


6,900 


5,340 


I  loraepo  wer  available 
from  storage  during  a 
p(^rIod  of— 


2 

t 
o 


o 


9,060 


7,250 


8,120 


7,070       13,000       26,000 


18,200 


14,500 


16,200 


I 

CO 


36,400 


29,000 


32,400 


52,000 


26,9G0   37,450   74,900   140^800 
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In  connection  with  Table  28 ,  special  consideration  should  be  given 
to  the  amount  of  power  available  from  storage.  Here  is  a  river 
canalized  by  the  Government  at  an  expense  of  over  $6,000,000,  and 
which  might  be  made  to  produce  enormously  profitable  return  on 
this  investment  if  the  work  were  completed  by  the  reservation  and 
forestation  of  the  uplands  and  by  the  establishment  of  the  necessary 
reservoir  system.  On  the  basis  of  a  distribution  of  the  stored  waters 
over  the  entire  year  the  income  from  water-power  rental  at  an  aver- 
age of  $20  per  horsepower  per  year  would  be  $885,000,  or  eqtdvalent 
to  a  3  per  cent  income  on  an  investment  of  $29,500,000. 

TTGARTS   VALLEY   RIVER. 

This  affluent  of  the  Monongahela  River  is  121  mDes  long  from  source 
to  mouth,  and  has  a  total  drainage  area  of  1,420  square  miles.  The 
indicated  horsepower  developed  along  the  river  is  set  forth  in  Table  29. 

Table  29. — Indicated  horsepower  developed  hy  Tygarts  Valley  River. 


Section  of  xiyer. 


Tygarts  Valley 
River: 

From  aboTQ  West 
Fork  River  to 
below  Junction 
Frog  Run 

From  below 
Junction  Frog 
Run  to  below 
Buckha  n  n  o  n 
River 

From  above 
Buckbannon 
River  to  below 
Junction  of 
Middle  Fork... 

From  above 
Junction  Mid- 
dle Fork  to 
above  Roaring 
Creek 

From  2  miles 
above  Roaring 
Creek  to  below 
Pound  Mill 
Run 

From  below 
Pound      Mill 
Run  to  source.. 


5 


MUes. 
28 


23 


8.6 


ie.6 


31 


19 


Total 


^ 


8q.miU9. 
1,320 


1,080 


096 


379 


205 


088 


% 


8ec,n. 


288 


148 


95 


61 


22 


OS 


a 

o 

•5S 


Sec  ft. 
990 


918 


«66 


375 


203 


87 


-3 

1 


I 

s 


FeeL 
121 


288 


139 


225 


252 


61,800 


I 

o 

I 

o 


2,760 

6,280 

1,810 

1,940 

1,170 
900 


14,810 


*-  u 


r 


0"a 


g 

a 


Horsepower  available 
from  storage  during  a 
period  of— 


10,900 


24,000 


7,160 


7,670 


4,660 


3,660 


o 

s 

C9 


16,700 


86,700 


10,000 


11,500 


Part 


None. 


57,930  I    73,900 


o 
B 

« 


33,400 


71,400 


20,000 


23,000 


g 


66,800 


142,800 


40,000 


46,000 


J  submeiged. 


None. 


147,800 


None. 


295,690 


a  Total  area. 


ft  25  -pot  cent  total  fall. 


WEST    FORK. 

West  Fork,  which  joins  with  the  Tygarts  Valley  River  to  form  the 
Monongahela,  is  not  well  adapted  for  the  development  of  extensive' 
power.  Along  the  first  70  miles  of  its  course,  from  the  mouth  to 
Washburn  Run,  the  fall  is  only  160  feet.  In  the  next  22  miles,  to  the 
head  of  the  river,  the  fall  is  500  feet,  but  the  drainage  area  is  small. 
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OTHBB   TBIBUTAKIEB   OF  HONONOAHBI^   BITER. 

« 

Cheai  River. — Cheat  River  is  an  important  tributary,  entering  the 
Monongahela  from  the  east  some  distance  below  Morgantown,  W.  Va. 
The  indicated  horsepower  developed  at  selected  sections  along  the 
stream  is  set  forth  in  Table  30. 

Table  30. — Indicated  horsepower  developed  by  Cheat  River, 


Section  of  river. 


to 


Cheat  River: 

From  mouth 
Albright 

From  above  Al- 
bright to  be- 
low junction 
Dry  Fork 

From  above 
junction  Dry 
Fork  to  3,000- 
foot  contour.., 

From  3.00a-foot 
contour  to 
source , 


Total. 


MUet 
20 


45 


45 

ao 


Sq.  miles. 
1,220 


865 


151 


»88 


Sec. 


i?i 


121 


21 


12 


Sec. 


720 


510 


80 


62 


-a 

o 
% 


I 


Ftet. 
360 


o397 


1,230 


C375 


o 

a 

S 

1^ 


5,600 

4,360 

2,350 
410 


12,720 


23,600 

18,400 

0,950 
1,780 


53,730 


Horsepower  available 
from  storage  during  a 
period  of— 


A 

a 
o 

S 

94 


« 

A 

4* 

c 

o 

S 


!    ^ 

I        o 

a 


24,200 


18,800 


48,400 


37,600 


06,800 


75,200 


Partly  submerged. 


None. 


43,000 


None. 


86,000 


None. 


172,000 


•  Fall  reduced  to  280  feet  by  proposed  Cheat  reservoir.      &  Total  area.      «  25  per  cent  total  tall. 

Buckhannon  River, — This  river  is  61  miles  long  and  its  basin  is  350 
square  miles  in  extent.  The  first  section  of  11  miles  above  the  mouth 
has  a  total  fall  of  60  feet.  The  minimiun  flow  in  cubic  feet  per  second 
is  66,  while  the  minimum  for  the  6  highest  months  is  261.  This  will 
produce  a  minimum  indicated  horsepower  of  324  and  a  minimum  for 
the  6  highest  months  of  1,280  horsepower.  Along  the  next  33  miles 
of  the  course,  from  Sand  Rim  to  Alexander,  the  total  fall  is  470  feet, 
and  the  minimum  flow  40  cubic  feet  per  second,  which  will  produce 
a  minimiun  indicated  horsepower  of  1,540.  The  minimum  for  the  6 
highest  months  is  6,070.  From  Alexander  to  the  source  of  the  river, 
a  distance  of  17  miles,  there  is  a  fall  of  1,300  feet,  but  the  drainage 
area  is  only  90  square  miles  in  extent,  so  the  power  available  for 
development  is  inconsiderable. 

Middle  Fork, — Along  the  lower  25  miles  of  this  fork  there  is  a  total 
fall  of  540  feet  and  a  mean  drainage  area  of  113  square  miles,  produc- 
ing a  minimum  flow  of  25  cubic  feet  per  second,  or  an  indicated  mini- 
mum horsepower  of  1,100.  The  upper  15  miles  of  the  river  has  a  fall 
of  1,200  feet,  but  the  drainage  area  is  only  65  square  miles  in  extent 
and  the  power  actually  available  is  limited. 

Other  tributaries  of  considerable  importance  as  sources  of  power 
are  Dry  Fork,  Laurel  and  Gladys  forks.  Black  Water  River,  Dunkard 
and  Sandy  creeks. 
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Yougldogheny  River. — This  river  enters  the  Mooongahela  at  Mc- 
Keesport,  above  which  point  it  has  s  total  drainage  tirea  of  1,750 
square  miles.  Survey  of  reservoir  sites  has  been  made  over  only  a 
part  of  its  basin,  but  those  identified  are  shown  in  Table  31. 

Table  31. — StUcted raemoir  tita  in  Ihe  Touyhiogheny  Rivtr  btain. 


Btnftm  and  locntlim. 

Catch- 
ment 

per 

■ST" 

Flow 

!  Capacity 

voir,      i     meat 
area. 

"T 

dun. 
90 

1 

>rojjhwi.»!,iii™-,rrt„d.™i., 

«(£." 

Ca.fr  el 

Cu.fett 
ptriec. 

130 

IfloofiOO 

!:K 

900 

11 

Aeru. 

Muddy  Ciwk.  Osnvtt  County,  Hd. 
H^TTlnRtonCiwt,  OuTott  County. 

|;      11 

lilOO 

It  is  probable  that,  were  surveys  available  on  the  remainder  of  . 
the  drainage  area,  it  would  be  found  that  the  storage  capacity  on  the 
upper  Youghiogheny  would  be  from  two  and  one-half  to  three  times 
that  expressed  in  the  above  table.  The  indicated  horsepower  along 
the  river  from  McKeesport  to  the  source,  not  including  Laurel  Hill  and 
Oastleman  rivers,  is  set  forth  in  Table  32. 


'^1 


HaraepavH 
pralod  o(— 


vaLUbl« 


CtJ^.:^" 


Uati.  Sq.  mOfi.  Sic, 


From  CondiieDca 
to  FrlendavlUi 

From  Fdends 
Tllle  (o  Llttla 
YougUoglienj 

From  below  Jure- 

Yotihlogheny 


15,180     S8,«»      18,030 

n  32  lest  by  proposed  Yooghlogbepy  lenervolT. 

al  tall.     Fall  rsduced  M  feet  by  propoaed  Cbeny  Creek  i« 


iSIJttt  I    3;g,730 
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Gbeat  Kanawha  River. 

The  main  stem  of  Great  Kanawha  River  extends  from  the  Ohio 
River  98  miles  to  the  junction  of  Gauley  River.  Above  this  point  the 
river  is  known  as  New  River,  extending  255  miles  to  the  junction  of 
North  and  South  forks.  The  lower  96  miles  of  Kanawha  River  is 
canalized  to  insure  a  minimum  depth  of  6  feet  for  navigable  purposes. 
For  the  first  79  miles,  or  up  to  the  confluence  of  Paint  Creek,  canaliza- 
tion is  accomplished  by  movable  dams,  8  in  number,  and  for  the 
remainder  of  the  distance  by  fixed  dams,  2  in  number.  The  presence 
of  these  movable  dams  forbids  the  installation  of  power  systems  along 
that  portion  of  the  river,  and  since  the  very  object  of  installing  mov- 
able dams  is  to  provide  for  open  navigation,  this,  of  course,  would  be 
defeated  by  the  introduction  of  fixed  dams.  This  part  of  the  river 
may,  therefore,  be  disregarded  so  far  as  power  development  is  con- 
cerned, although  the  minimum  indicated  horsepower  along  this  por- 
tion of  the  stream,  as  shown  by  its  minimum  flow  and  its  natural 
slope,  is  nearly  20,000.  The  slope  is  exceedingly  gradual,  however, 
and  it  is  doubtful  if  any  considerable  part  of  this  power  could  be 
developed  without  unreasonable  expenditure,  even  if  the  present  sys- 
tem of  movable  dams  had  not  been  installed.  In  fact,  it  is  clear  that 
the  river  along  this  part  is  far  more  important  as  a  waterway  than  as 
a  source  of  power.  The  indicated  horsepower  from  the  foot  of  Loup 
Creek  Shoal  up  to  the  confluence  of  North  and  South  forks  of  New 
River  is  set  forth  in  Table  33. 

TRIBUTARIES   OP   GREAT    KANAWHA   RIVER. 

SOUTH   FORK   OP  NEW   RIVER. 

South  Fork  of  New  River  is  78  miles  long  and  in  the  lower  55  miles 
of  its  coiu'se  has  a  total  fall  of  500  feet.  The  mean  drainage  area 
for  the  section  is  207  square  miles  and  the  minimum  discharge  145 
cubic  feet  per  second,  which  will  produce  a  minimum  indicated  horse- 
power of  5,930,  or  a  minimum  for  the  6  highest  months  of  10,200. 

NORTH   PORK    OP   NEW    RIVER. 

North  Fork  of  New  River  is  42  miles  long,  and  along  the  lower  28 
miles  of  its  course  there  is  a  total  fall  of  390  feet.  The  mean  drain- 
age area  is  170  square  miles,  which  produces  a  minimum  flow  of  85 
cubic  feet  per  second.  This  will  provide  for  a  minimum  indicated 
horsepower  of  2,710,  or  a  minimum  for  the  6  highest  months  of  5,420. 
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Tablb  33. — IndieaUd  hcrupower  developed  by  Ortat  KwMwha  River  hehoeen  Pool  No.  t 

and  eon/luenee  of  North  and  Souikforkt. 


Sectkm  of  river 


I  II 


I 


;  a' 


i     I 

i    I 


B^      I  HompoiPer    ATailable 
^S  from  stonige  during  a 

^      I     period  of — 


Great      Kuiftwhft  ' 
liiver.  from  foot  i 
of   Loup   Creek  I 
Shoal   to  beiow 
Junction  Oaoley 
River 

Nem  River: 
From    above 

Sion  Oaa- 
River  to 
foot  con- 
tour   

From  1,000-foot 
contour  to 
1.200-foot  con- 
tour  

From  1.200-foot 
contour  to  be- 
low Junction 
Oreenbrier 
River 

From  above 
Junction 
Oreenbrier 
River  to  below 
Junction  Is- 
land Creek 

From  above 
junction  Is- 
land Creek  to 
below  J  unction 
Wolf  Creek.... 

From  above 
Junction  Wolf 
Creek  to  below 


iunction  Sink- 
11 


Ing  Creek 

From  above 
junction  Sink- 
ing Crrak  to 
bead  Si  fiords 
Falls 

From  head  Sif- 
fordn  Falls  to 
God  by  8  Ferry . 

From  Qodbys 
Ferry  to  Asn- 
wortn 

From  Ashworth 
to  below  Junc- 
tion Reed 
Creek 

From  above 
Junction  Heed 
Creek  to  Union 
Lead  Mines 

From  Union 
Lead  mines  to 
2,20a*foot  con- 
tour  , 

From  2,200-foot 
contour  to  be- 
1  o  w  Junction 
North  Fork 


MUesfiq.  fliOes. 
9  i       8,310 


19 


24 


20 


20 

17 

10 

8 
82 
13 


10 


16 


48 


6,780 
6,600 

0,300 


4,220 

8,750 

8,240 

2,020 
2,660 
2,320 

2,020 

1,460 

1,240 

875 


ToUl. 


Been.  Sec.  ft.*  Feet.* 
2,240       6,810  ■      40      9,870 


1,830 
1,770 

1,700 


1,400 

1,280 

1,140 

1,050 
085 
880 

810 

823 

5n 

472 


4,740 


4,600 


4,410 


3,660 

3,220 

2,860 

2,600 
2,420 
2,160 

1,000 

1,400 

1,220 

875 


316 


180 


164 


60 


a66 


T 


86 

60 

frTl 

76 

28 

61 

e230 

270 


24,300       27,700 


62,800 


29,000 


26,400 


8,780 

7,680 

8,800 

4,780 
6,360 
6,060 

2,060 

3,460 

11,900 

11,600 


138,000 
75,200 

65,700 


187,760 


28,300 

19,800 

22,000 

11,800 
16,600 
14,000 

4,840 

7,760 

25,600 

21,600 


148,000 
84,400 

70,800 


o 
B 
CO 


65,400  t    U0»800 


296,000 


592,000 


168,800  .    337,000 


163,600 


Balmeigei! 


307,  aoo 


7,300 

23,300 

13,100 
11,000 


14,600 

46,600 

26,200 
22,000 


29,200 

93,200 

82,400 
44,000 


Submerged. 


466,700 


2,400 
3,820 


4,800 


7,640 


3,270  ,      G,640 


None. 


401,000 


None. 


802,180 


9,600 
15,300 
13,100 
None. 


1,604,400 


o  Fall  reduced  to  26  feet  by  proposed  lower  New  River  reservoir. 
^  Fall  reduced  to  42  feet  by  proposed  Radford  reservoir, 
c  Fall  reduced  to  60  feet  by  proposed  Carroll  reservoir. 
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OKBSKBRIER  RIVKB. 


Greenbrier  River  has  a  total  drainage  area  of  1,580  square  miles  and 
a  length  from  soiurce  to  mouth  of  151  miles.  The  reservoir  sites  on 
this  river  propose  the  conservation  of  the  entire  discharge  from  1,000 
square  miles.  Therefore,  the  power  available  for  development  with 
storage  reservoirs  established  will  be  considerably  different  from  that 
under  the  present  conditions.  The  following  statement  of  indicated 
horsepower  along  various  sections  of  the  river  is,  therefore,  given, 
without  reference  to  storage  possibilities  except  that  in  the  last  three 
columns  there  is  a  statement  of  the  amount  of  power  that  would 
be  derived  from  storage  along  the  sections  not  submerged  by  the 
proposed  reservoirs. 

Tablb  34. — Indicated  horsepower  developed  by  Oreenbrier  River. 


Seotion  of  river. 


Qreenbrier  River: 

From  month  to 
below  Second 
Creek 

From  above  Sec- 
ond Creek  to 
below  An- 
thony Creek. . . 

From  above  An- 
thony Creek 
to  below 
Knapp  Creek. . 

From  above 
Knapp  Creek 
to  below  North 
Fork 

From  above 
North  Fork  to 
below  East 
Fork 

From  below 
iunctlon  East 
Fork  to  source. 


Total. 


MiUt 

36 


23 


8q.  miUt. 
1,460 


40 


21 


18 


18 


670 


326 


148 


C130 


I 


Sec  ft. 
161 


1,100  121 


74 


36 


16 


14 


S 
€ 


'S 

i 


11 


Sec. 


363 

221 

108 

40 
43 


1 


s 


Feet. 
234 


a  106 


a  270 


6270 


234 


d2S0 


9 


O 


3,420 


2,180 


1,820 


010 


340 


318 


8,088 


? 

El's." 

Ill 

^  B  O 


o 


10,200 

6,530 

5,430 

2,740 

1,040 
080 


26,020 


Horsepower  available 
from  storage  dnilng  a 
period  of— 


1 


30,600 


10,000 


6,060 


6,700 


None. 


None. 


62,360 


o 


61,200 


88,000 


12,120 


None. 


g 
a 

CO 


122,400 
76,000 
24,240 


13,400        26,800 


None.  I     None. 


No."  • 


124,720  ,    249,440 


a  Fall  reduced  to  145  ftoet  by  proposed  Lewlsbnrg  reservoir. 
6  Fall  xednced  to  160  feet  by  proposed  Pocahontas  reservoir. 


e  Total  area. 

425  per  cent  total  fall. 


OAULEY  RIVER. 


Gauley  River  has  a  total  drainage  area  of  1,430  square  miles  and 
from  source  to  mouth  is  108  miles  long.  The  conditions  with  ref- 
erence to  storage  and  its  effects  on  available  power  are  similar  to  those 
already  described  for  Greenbrier  River.  Table  35  shows  indicated 
horsepower  along  chosen  sections,  together  with  a  statement  of  the 
power  available  from  storage  along  those  sections  not  submerged  by 
the  proposed  reservoirs. 
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Table  35. — Indicated  horupower  developed  by  QaaUy  River. 


Section  of  river. 


Gauley  River: 

From  mouta  to 
below  Junction 
Meadow  River 

From  above 
Meadow  River 
to  below  Juno- 
tio  n  Cran- 
berry River... 

From  above 
junction  Cran- 
berry River  to 
below  junction 
WiUiams  River 

From  below 
iimction  Wil- 
liams River  to 
source 


Total. 


I 


Miles  Sq.  wiles. 


27 


31 


17 


33 


& 


H 


35  i 


3 

s 

I 
s 


M 


n 
i 


1,310 


673 


300 


M81 


Sec.  ft. 
354 


155 


56 


49 


SecfU 
917 


400 


146 


127 


Feet. 
a432 

13,900 

603 

9,760 

262 

1,280 

C500 

2,230 

27,170 

Horsepower  available 
from  storage  dnzliig:  a 
period  of— 


36,000  I      9,270 


25,200 


3,360 


5,770 


3,310 


None. 


None. 


18,600 


6.630 


None. 


None. 


37,000 


i3,aeo 


NonoL 


Nor4e. 


70,320  '  12,580        25,130  |      60,260 


a  Fall  reduced  to  300  feet  by  proposed  Gauley  reservoir.       b  Total  area.       c25  per  cent  total  fall. 

Trihutaries  of  Gauley  River. — Indicated  horsepower  on  tributaries 
of  Gauley  River  is  given  in  Table  36. 

Table  36. — Indicated  horsepower  developed  by  tributaries  ofOauley  River. 


1 

Section  of  river. 

1 

B 

S3 

.c 

•d 

u 

a 

si 

2 

:^ 

Meadow  River. 

From  mouth  to 

1,800-foot  con- 

MiUs. 

8q.  mUes. 

tour  

8 

360 

From  l,8(X>-foot 

contour   to 

2,200-foot  con- 

tour  

11 

296 

From  2,200-foot 

contour    to 

below     Big 

Clear  Creek 

18 

222 

From  below  Big 

Clear  Creek  to 

source 

19 

«166 

Hominy       Creek, 

from  mouth  to 

source 

18 

098 

Muddlety     Creek, 

from  mouth  to 

source 

22 

a66 

Cherry  Creek,  from 

mouth  to  source . 

26 

a  168 

Cranberry   River, 

from  mouth  to 

source 

30 

a  102 

Twenty-mile  Creek 

from  mouth  to 

source 

30 

»75 

Total. 


Sec.  ft. 

80 

60 
46 

26 

18 
45 

28 

20 


Sec  ft. 
245 


206 


155 

115 

69 

46 
118 

71 

52 


-a 


s 


Feet. 
603 


360 

270 

6350 

6375 

»260 
^600 

»525 

e360 


S.I3 


6,200  I  13,400 


2,620       6,740 


1,470 

1,430 

890 

409 
2,060 

1,340 

636 


16,046 


3,800 

3,660 

2,350 

1,060 
5,360 

3,390 

1,660 


Horsepower  available 
from  storage  during  a 
period  of— 


s 

t 

a 


13,700 


8,200 


5,700 


o 

a 

«0 


o 

a 

CO 


27,400         54,800 


16,400  I      32,«00 


11,400 


22,800 


None. 


None. 


None. 


Submerged. 
None. 

Submergedi- 
None. 

None. 


41,400  ■    27,600 


55,200 


None. 

None. 
None. 


110,400 


a  Total  area.     &  25  per  cent  total  fall.     •  Fall  reduced  220  feet  at  mouth  by  proposed  Oaoley  reaerv<^. 
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ELK    RIVER. 


Elk  River,  which  enters  the  Kanawha  at  Charleston,  is  171  miles 
long  and  has  a  total  drainage  area  of  1,550  square  miles.  Of  this 
area,  the  proposed  reservoir  in  Clay  Coimty  would  conserve  all  the 
flow  from  940  square  miles.  Therefore,  an  estimate  of  power  with 
the  reservoir  constructed  would  be  totally  different  from  the  estimate 
under  the  present  conditions,  which  are  similar  to  those  already 
described  for  Greenbrier  River.  The  indicated  horsepower  on  the 
main  stream  is  set  forth  in  Table  37. 

Table  37. — Indicated  horsepower  developed  by  Elk  River. 


Seotion  of  xl-ver. 


Elk  River: 

From  mouth  to 
below  junction 
Buffalo  CreelL.. 

From  above 
junction  Buf- 
falo Creek  to 
below  Junction 
Birch  Creek 

From  above 
junction  Birch 
Creek  to  below 
junction  HoUy 
Creek 

From  above 
junction  HoUy 
Creek  to  below 
junction  Back 
Fork. 

From  below 
junction  Back 
Fork  to  souxce. 


Total. 


61 


25 


80 


25 


40 


Sq.  miUt. 
1,280 


832 


552 


282 


b227 


I' 

i 


Sec.  ft. 
346 


225 


149 


76 


61 


11 


•€a 


-a 


s 


Sec.  ft. 
885 


583 


386 


197 


159 


I 


^ 


Feel. 
135     4,250 


a45 


162 


505 


e625 


920 


2,200 


3,490 


3,470 


14,380 


o  g 


i 


11,000 


2,380 


5,600 


9,040 


9,040 


Horsepower     available 
from  storage  during  a 
*  period  of— 


o 


37,150 


16,900 


None. 


I 

a 


o 

a 

CO 


83,800 


None. 


67,600 


None. 


£fubmeiged 


None. 


None. 


16,900 


None. 


None. 


None. 


None. 


33,800         C7,C00 


•  Fall  reduced  about  25  feet  by  proposed  Elk  River  reservoir.        ^Totalarea.        c25  per  cent  total  fall. 

Tributaries  of  EUe  River. — The  principal  tributaries  of  Elk  River 
are  Holly  and  Birch  rivers  and  Buffalo  Creek,  which  furnish  minimum 
indicated  horsepowers  of  1,860,  1,730,  and  990,  respectively. 

Tennessee  Riveb. 

'  The  Tennessee  is  one  of  the  most  important  rivers  in  the  United 
States,  both  from  the  standpoint  of  navigation  and  of  available  water 
power.  Its  basin  includes  an  enormous  area  in  the  Appalachian 
Moimtains,  and  its  value  as  a  public  resource  is,  therefore,  markedly 
affected  by  the  conditions  prevailing  in  that  region.  The  devasta- 
tion of  the  protective  forest  cover  in  these  mountains  would  not  only 
reduce  all  the  power  and  navigation  values  along  the  stream,  but 
would  also  result  in  a  denudation  of  alluvial  lands  now  fertile  and 
productive.  The  total  loss  to  the  valley  could  hardly  be  overesti- 
mated. 
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The  lower  section,  between  Riverton  and  the  mouth,  is  not  con- 
sidered in  this  report.  This  portion  is  essentially  a  great  commercial 
highway,  and  its  very  gradual  slope  renders  it  impossible  to  develop 
power  to  advantage.  Above  Riverton  it  has  a  total  drainage  area 
of  30,800  square  miles,  and  a  minimum  discharge  of  12,000  cubic  feet 
per  second. 

Storage  facilities  in  the  basin  are  enormous.  Table  38  contains  the 
facts  concerning  certain  chosen  reservoir  sites,  which  are  of  a  suffi- 
cient capacity  to  conserve  the  annual  run-off  from  an  area  of  12,800 
square  miles. 

Tablb  38. — Selected  reservoir  sites  in  the  Tennessee  River  basin. 


stream  and  location. 


Clinch  River,  Scott  County,  Va 

Nolichucky  River,  Greenville,  Tenn. 

Clinch  River,  Sneedville,  Tenn 

Powell  River,  Jonesville,  Va 

Holston  River,  northeast  of  Knox- 

vilie.  Tenn 

Frencn  Broad  River,  east  of  Knox- 

viUe,  Tenn 

Little  River,  south  of  Knoxville, 

Tenn 

Little  Tennessee  River,   Ixjudon 

County,  Tenn 

Little    Tennessee    River,    Swain 

County,  Tenn 

Clinch  River,  Roane  County,  Tenn. 
Cheoah  River,   Graham  county, 

N.C 

Hiwassee  River,  Cherokee  County, 

N.C 

Nottely  River,  Union  County,  Ga. . 
Toccoa  River,  Fannin  County,  Oa. 

Hiwassee  River,  Hiwassee,  Ga 

Tennessee  River,  Rabun  County, 

Ga 

Hiwassee  River,  near  mouth,  Tenn. 
West  Chickamauga  Creek,  Walker 

County,  Oa 

South  Chickamauga  Creek,  Ca- 
toosa County,  Ga 

Sequatchie      River,      Sequatchie 

County,  Ten^ 


Mean 
annual 
run-off 

per 
square 

mile. 


380 
2,110 


Cu.  feet 

per  tec. 

1.38 

i.eo 

L38 
1.38 

L56 

Lfi6 

Lfi6 

2.78 

2.78 
1.38 

2.78 


550 
240 
240 
100 

2.63 

1.70 

2.14 

•  2.63 

50 
2,040 

4.35 
2.12 

80 

2.00 

110^ 

2.00 

330 

2.00 

Flow 
avail- 
able. 


Cu.  feet 
per  iec 

1,080 

1,590 

770 

790 

5,300 

6,300 

450 

7,000 

1,050 
2,900 

500 

1,450 
410 
510 
260 

220 
4,300 

160 

220 

660 


Capacity 

of 

reser- 

v<^lr. 


Capacity 

of 
reservoir 
in  catch- 
ment 
area. 


1,OOOJOOO 
cu.  feet. 
30,400 
14,700 
18,500 
17,100 

163,500 

190,600 

17,400 

78,000 

7,340 
26,500 

6,700 

32,400 
1,000 
4,130 
2,240 

2,720 
77,500 

5,260 

6,330 

4,000 


Siiuare 
nUUs. 
600 
270 


Hetaht 
dfum. 


Feet. 
180 
100 


Area 

of 
flow 
line. 


390 
380 

100  ; 
100 

3,300 

160 

4,000 

200 

290 

94 

860 

100 

80 
600 

100 
60 

76 

150 

380 
20 
60 
40 

200 

40 

100 

100 

20 
1,130 

50 
70 

80 

60 

100 

60 

60 

60 

Acres, 
10,000 
10,200 

8,500 
12,000 

49,000 

70,000 

12,100 

54,400 

5,120 
30,000 

2,8<0 

11,060 
1.680 
2,880 
1,000 

3,8Q0 
70,000 

6,300 

7,400 

5,500 


It  is  doubtful  whether  it  would  be  wise  to  install  the  whole  of  the 
great  conservation  system  indicated  in  the  above  table.  There  has 
been  no  opportunity  for  a  critical  study  of  this  subject,  and  the  facts 
given  merely  show  the  possibilities  for  storage. 

Considering  the  main  stream  from  Riverton  to  the  mouth  of  Holston 
River,  there  are  two  sections  along  which  a  great  horsepower  is  indi- 
cated. The  first  section  from  Riverton  to  the  head  of  Elk  Shoals  is 
60  miles  long  and  has  a  total  fall  of  165  feet.  The  minimum  indicated 
horsepower  thereby  produced  is  162,000  and  the  minimum  for  the  6 
highest  months  would  be  275,000.  The  increase  from  storage,  con- 
sidering full  reservoirs,  would  be  as  follows: 

Distributed  over  1  year 396, 000 

Distributed  over  6  months 792, 000 

Distributed  over  3  months 1, 5S4, 000 
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The  next  section  extends  from  The  Pan  to  Chattanooga,  a  distance 
of  20  miles,  with  a  total  fall  of  28  feet.  The  minimum  discharge  along 
this  section  is  10,000  cubic  feet  per  second,  giving  a  minimum  indi- 
cated horsepower  of  22,900,  or  a  minimum  for  the  6  highest  months  of 
38,900.  This  would  be  increased  by  storage,  considering  full  reser- 
voirs, as  follows: 

Difitributed  over  1  year 67, 000 

Distributed  over  6  monthfi 134, 000 

Distributed  over  3  months 268, 000 

A  short  distance  above  Knoxville,  Tenn.,  the  Hiwassee  and  French 
Broad  rivers  join  to  form  the  Tennessee. 

HIWASSEE    RIVER. 

From  the  mouth  of  the  Hiwassee  to  Ocoee  River,  a  distance  of  36 
miles,  the  fall  is  only  33  feet;  therefore,  this  stretch  is  not  available 
for  the  practical  development  of  power.  The  indicated  horsepower 
for  the  remainder  of  the  stream  is  set  forth  in  Table  39. 

Table  39. — Indicated  horsepower  developed  by  Hiwassee  River, 


Section  of  river. 


Hiwassee  River: 

From  Ocoee 
River  to  Sa- 
vanxiah  Ferry.. 

From  Savamiah 
Ferry  Ijp  Re- 
liance  

From  Reliance 
toCocoCreelc.. 

From  Coco  Creek 
to  Turttetown 
Creek 

From  Turtle- 
town  Creek  to 
Apalachia, 
Tenn 

From  Apalachia, 
Tenn.,to  Apa- 
lachia,  N.  C 

From  Apalachia, 
N.C.loBeav- 
erdam  Creek. . . 

From  Beaver- 
dam  Creek  to 


Nottely  River . 
rom      Nc 
River  to 
ley  River 


7. 


From        Valley 
River  to  Brass- 
town  Creek 

From  Brass- 
town  Creek  to 
Shooting  Creek 

From  SbootiDg 
Creek  to  High- 
tower  Creek  t. . 


Total. 


MiUt 

9 


6 
9 


1 


S 


l:^ 


3 


3 


14 


16 


18 


10 


Sq.  mUea. 
1,310 


1,220 
1,150 


1,060 


1,000 


910 


560 


390 


240 


110 


Sec.  ft  I  SecfU 
972       1,560 


915 
874 


806 


780 


710 


437 


320 


240 


121 


1,460 
1,400 


1,290 


1,250 
1,140 
609 
512 
384 
194 


3 


i 


Feet. 
20 


36 
153 


a  231 


131 


136 


46 


63 


205 


117 


% 

a 


»4 

o 
.a 


S 


B 

a 


a 


1,750 

3,000 
12,200 


2,790 

4,800 
19,400 


Horsepower  available 
from  storage  during  a 
period  of— 


Submerged. 


3,500 
17,000 


15,200     24,300 


9,270 
8,780 
1,830 
1,840 
4,470 
1,290 


14,800 
14,000 
2,920 
2,930 
7,160 
2,060 


23,100 


7,000 
34,000 


14,000 
68,000 


46,200  '      92,400 


445 


1,450 


670 


Submerged. 

Submerged. 

I  I 

Submerged. 

I 

890 


2,900 
1,340 


59,630 


95,160  ,    40,1(>5       92,330 


1,780 

5,800 
2,680 


184,660 
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Triimtariea  of  Hiwaasee  River. — The  princip&i  tributary  of  the 
Hiwassee  is  the  Ocoee,  which  has  a  total  drainage  area  of  635  square 
miles.  Along  the  upper  57  miles  of  its  course  the  name  Toccoa  is 
given  to  the  river.  The  indicated  horsepower  along  the  entire  section 
i3  eet  forth  in  Table  40. 

Tablb  4 


I, 

i 

1 

1 

■ 

'^ 

1 

9 

bom  storage  daring  » 

3 

i 

n 

& 

m 

X 

s 

J,  830 

St.mOa 

8.c.^. 

"•* 

Fa,. 

6.  no 

H7 

1.134 

2,3ea 

tso 

B78 

S2S 

57 

i,«a 

4,770 

TU 

1,4HI 

2,9W 

WO 

tw 

BSD 

102 

»,100 

41,800 

^Bio 

i3,m 

17,400 

MO 

«6 

810 

34 

1,680 

2,£3a 

Mm 

Ud^ 

nt. 

300 

3»0 

S34 

ftZ 

3,  WO 

S,210 

1.ZL0 

2,0) 

4,S4D 

ISO 

3B2 

" 

280 

B,W) 

10.300 

Felt    leducwl    oiie-tlilnl 

ICO 

■« 

m 

.53 

2,a!0 

3,  ISO 

Nona. 

None.  1      Kooe. 

r 

3 

• 

ElPLlK*TOIIT  Ni 


— Uouth  ot  Oooee  to  8r  loo  Ciwk— tell  reduced  30  iMt  by  proposed  HIwuk« 


The  remaining  tributaries  of  Hiwassee  River  afford  good  power 
sites  for  limited  development,  but  the  drainage  areas  are,  in  the 
main,  so  small  that  they  will  not  be  considered  in  this  report  except 
in  the  case  of  Nottely  River,  which  enters  the  Hiwassee  near  Mur- 
phy, Tenn,  The  Nottely  develops  an  indicated  horsepower  as 
follows:  From  the  mouth  to  Ranger,  a  distance  of  9  miles,  there  is 
a  total  fall  of  85  feet  and  a  minimum  diachai^e  of  224  cubic  feet 
per  second,  which  will  provide  for  a  minimum  indicated  horsepower 
of  1,560.  The  minimum  for  the  6  highest  months  is  2,490-  From 
Ranger  to  Young  Cane  Creek,  a  distance  of  20  miles,  there  is  a  fall 
of  155  feet  and  a  minimum  flow  of  187  cubic  feet  per  second,  which 
will  provide  for  a  minimum  indicated  horsepower  of  2,380.  The 
minimum  for  the  6  highest  months  is  3,800.  This  power  would  be 
obliterated  by  the  Nottely  reservoir. 
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CLINCH    RITER. 


The  tributary  of  the  Tennessee  River  of  next  importance  is  Clinch 
River,  which  has  a  drainage  area  of  4,390  square  miles.  The  indi- 
cated horsepower  along  this  stream  is  set  forth  in  Table  41. 

■ 

Table  41. — Indicated  horsepower  developed  by  Clinch  River, 


Section  of  river. 


I 

3 


t 
I 

a 


a 


I 


Clinch  River: 

From  Emory 
Creek  to  Clin- 
ton  

From  Clinton  to 
Powell  River . . 

From  Fowell 
River  to  near 
8  yc  am  ore 
CTeek3outhem 
Railway  bridge 

From  near  Syca- 
more Creek, 
Southern  Rail- 
way bridge,  to 
North  Qinch 
River 

From  North 
Clinch  River  to 
Clinchport  star 
tion. 

From  Clinchport 
station  to 
Indian  Creek... 


a 


3 


I 
s 


Total. 


65 

8q.  miles, 
3,200 

^**iiK' 

31 

2,8«) 

862 

48 

1,740 

622 

46 

1,450 

436 

20 

1,070 

321 

110 

650 

• 

166 

Sec.  ft. 
1,440 

1,280 


788 


662 


482 


Feet. 
68 

50 


138 


171 


64 


248       680 


I 


o 


6,806 
3,834 

6,318 


6,750 


1,676 


10,126 


34,407 


o 


a 


.  Uorsepower  available 
I  from  storage  during  a 
I      period  of— 


«.» 
at 

'? 

n 
to 

id 


8,840 
6,740 

9,450 


10,100 


2,360 


16,210 


• 

• 

• 

,a 

s 

$• 

A 

a 

>♦* 

0 

fl 

6 

0 

t-l 

« 

i 

CO 


Submeif^. 


10,300     .20,600 


20,600 


19,500 


41,200 


39,000 


41,200 


82,400 


78,000 


Submerged. 


8,600 


61,700  I    60,000 


17,200        34,400 


118,000 


236,000 


ExPLANATOBT  NOTES.— Fall  between  Southern  Railway  bridge  and  North  Clinch  River  reduced  to 
140  feet  by  Sneedviile  reservoir.  Fall  between  Clinchport  and  Indian  Creek  reduced  to  100  feet  by 
Clinch  River  reservoir. 

Trihutaries  of  Clinch  River. — ^The  most  important  tributary  is 
Powell  River,  which  has  a  total  drainage  area  of  940  square  miles. 
The  amount  of  indicated  horsepower  along  various  sections  of  tliis 
river  and  designated  tributaries  is  set  forth  in  Table  42. 
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Table  42. — Indicated  horgepower  developed  by  Powell  River  and  tributaries. 


Section  of  river. 


Powell  River: 
From  mouth  to 
North  Powell.. 
From  North 
Powell     to 
South  Powell. . 
From  South 
Powell  to  Cal- 

lihan  Creek 

North  Fork,  Pow- 
ell River,  from 
mouth  to  head . . 
South  Fork,  Pow- 
ell River,   from 
mouth  to  head . . 
Copper  Creek,from 
mouth  to  head.. . 
Guest  River,  from 
mouth  to  head . . 
Maiden    Spring 
Creek,    from 
mouth  to  head . . 


I    100 


17 


Total. 


17 


12 
41 
19 


35 


•8 

i 

1:4 


I 


S 


Sq,  mUea. 
610 


170 


101 

a  91 

0  37 

a  138 

096 

a  119 


BecfU 
183 


I 


51 

30 

27 

11 
41 
29 

36 


I 


^a 


Sec.ft. 
274 


76 

45 

40 

16 
63 
44 

54 


3 

5 


Feet 
387 


198 

54 

6330 

^730 
»336 
»480 

ft  430 


u 

$ 


& 


I 

P 

a 


6,440 

918 

144 

810 

730 
1,250 
1,270 

1,400 


12,962 


In 
III 


9,630 

1,380 

216 

1,220 

1,100 
1,880 
1,900 


Horsepower  avallabl 
from  storage  daring  i 
period  of— 


I 

o 

a 


9,640 

None. 

None. 

None. 

None. 
None. 
None. 


2, 100      None. 


19,426  ;      9,640 


a 


19,280 


None. 


None. 

None. 
None. 
None. 

None. 


19,280 


o  Total  area. 

ExpLANATOBY  NoTE.— Water  fall  between  mouth 
reservoir. 


o 
5 


38,660 


None. 


None.  ,     None. 


None. 

None. 
None. 
None. 

None. 


38,600 


b  Mean  head, 
and  North  Powell  reduced  to  200  feet  bj  JoneevUle 


LITTLE   TENNESSEE   BIVEB. 


Above  the  Hiwassee  and  Clinch,  on  the  Tennessee  River,  is  the 
Little  Tennessee,  a  stream  having  a  total  drainage  area  of  2,650 
square  miles.  The  indicated  horsepower  developed  along  various 
sections  of  this  stream  is  set  forth  in  Table  43. 


TRIBUTARIES   OP  LITTLE   TENNESSEE   RIVER. 

Some  of  the  tributaries  of  Little  Tennessee  River  are  quite  as  im- 
portant, from  the  standpoint  of  power  development,  as  the  main 
stream  itself. 

TeUico  River  is  a  stream  having  a  total  drainage  area  of  284  square 
miles.  From  the  mouth  to  Tellico  Plains,  a  distance  of  22  miles, 
there  is  a  fall  of  120  feet,  which,  with  a  miiUmum  discharge  of  125 
cubic  feet  per  second,  will  furnish  a  minimimi  indicated  horsepower 
of  1,224.  The  minimum  for  the  6  highest  months  will  be  1,960. 
This  part  of  the  river  would  be  submerged  by  the  proposed  Loudon 
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Table  43. — Indicated  honepawer  developed  by  Little  Tennessee  River. 


Sectioii  of  river. 


Little    TeoneMee 
River: 

From  mouth  to 
below  Tellico 
River,  McGbee 
Station 

From  above  Tel- 
lico, McGbee, 
to  A  brams 
Creek 

From  A  b  r  a  ID  8 
Creek  to  Tuck- 
ase^ee  River. . 

From  Tudcaeee- 
Rlver   to 
antahala 
River 

From  Nantahala 
River  to  beJow 
Cu  II  as  a  Ja 
River,  Frank- 
lin  


ra 


Total. 


ea 


a 

t 


I 


I' 
III 


3 

5 


i 

s 


3iUes.  aq.miles. 
20  I       2,560 


19  I        2,100 


38 


28 


1,670 


657 


380 


Sec.  ft. 
2,050 


1,780 


1,500 


650 


418 


I 


Sec.  ft. 
3,280 


2,850 


2,400 


1,040 


660 


Feet. 
27 


63 


567 


90 


387 


a 

o 


B 
3 


6,030 

10,200 
77,300 

6,320 
14,700 


112,650 


6- 

I 


a 
o 


Horsepower  available 
from  storage  during  a 
period  of— 


I 

a 
o 

u 


5 

3 

c 

Q 

c 

s 

E 

CO 

CO 

8,050 

16,300 
123,000 

8,510 
23,500 


179,360 


6,370 


Submerged. 


31,000 


2,820 


7,050 


37,240 


12,740 


25,480 


42,000 


5,640 


14,100 


84,000 


11,280 


28,200 


74,480       148,960 


ExplanatortNotks.— FaU  between  mouth  and  McOhee  reduced  to  24  feet  by  Loudon  reservoir. 
Fall  between  Nantahala  and  Cullasaja  reduced  to  250  feet  by  Swain  reservoir. 

reservoir.  From  Tellico  Plains  to  the  head  of  the  river  is  a  distance 
of  18  miles,  with  a  total  fall  of  1,600  feet.  Considering  700  feet  of 
this  as  a  mean  working  head,  with  a  discharge  of  102  cubic  feet  per 
second,  the  total  minimum  indicated  horsepower  is  6,490,  and  the 
minimum  for  the  6  highest  months  will  be  10,400. 

Citico  Greek,  a  tributary  17  miles  long,  has  a  total  mean  head  of 
470  feet.  The  minimum  discharge  is  58  cubic  feet  per  second,  which 
will  provide  for  a  minimum  indicated  horsepower  of  2,480.  The 
available  fall  would  be  reduced  40  per  cent  by  the  proposed  Loudon 
reservoir. 

Abrams  Creek,  15  miles  long  with  a  drainage  area  of  94  square 
miles,  has  a  total  fall  of  1,110  feet.  Considering  580  feet  of  this 
as  a  reasonable  mean  head,  with  a  minimum  discharge  of  75  cubic 
feet  per  second,  there  will  be  developed  a  total  minimum  indicated 
horsepower  of  3,950.  The  minimum  for  the  6  highest  months  will 
be  6,320  horsepower. 

Cheoah  Creek. — This  is  another  important  tributary  of  Little  Ten- 
nessee River,  ^ith  a  total  drainage  area  of  212  square  miles.     From 
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the  mouth  to  Snow  Bird  Creek,  a  distance  of  13  miles,  there  is  a  total 
fall  of  800  feet,  with  a  minimum  run-off  of  130  cubic  feet  per  second, 
which  will  produce  a  minimum  indicated  horsepower  of  8,500.  The 
minimum  for  the  6  highest  months  will  be  13,600.  On  the  same  river 
from  Snow  Bird  Creek  to  Tallula  Cyeek,  a  distance  t>t  4  miles,  there  is  a 
total  fall  of  110  feet,  which  will  produce  a  minimum  horsepower  of 
396,  with  a  discharge  of  44  cubic  feet  per  second.  This  power  would 
be  reduced  approximately  60  per  cent  by  the  Cheoah  reservoir. 
There  are  several  tributaries  of  Cheoah  Creek,  such  as  Santeetla, 
Snow  Bird,  and  Tallula  creeks,  which  furnish  fairly  good  sites  for 
limited  installation. 

TucJcaseegee  River, — The  most  important  tributary  of  Little  Ten- 
nessee River  is  the  Tuckaseegee,  which  has  a  drainage  area  of  752 
square  miles.  The  indicated  horsepower  along  certain  sections  of 
this  river  is  shown  in  Table  44. 

Table  44. — Indicated  hor$epower  developed  by  Tuckaseegee  River. 


Section  of  river. 


Tuckaseegee  River: 

From  Bryson 
city  to  Ocona- 
lufty  River.... 

From  Oconalufty 
River  to  Scott 
Creek 

From  Scott  Creek 
to  East  Import 
Station. 

From  East  La- 
port  Station  to 
West  Fork.... 


Total. 


I 


MiUt. 
6 


16 


10 


i 

«8 


1 


8q.  miUa. 
635 


376 


245 


174 


8 

59 


■a 


Sec.  ft. 
540 


319 


206 


157 


3 


s 


B 


Sec.  ft. 
864 


610 


332 


251 


o 

+» 


s 


Feet. 
63 


144 


108 


63 


I 

o 


a 
a 


3,100 


4,180 


2,040 


9C0 


l| 


o 


flfg 


4,060 


6,680 


3,270 


1.440 


Horsepo'Wer  available 
from  storage  daring  a 
period  of— 


i 

9 


10,220  ;  16,340  j. 


I 

o 

B 


The  Tuckaseegee  itself  has  important  tributaries,  the  most  notice- 
able of  which  is  the  Oconalufty,  which  has  a  drainage  area  of  201 
square  miles.  In  the  lower  5  miles  of  this  stream  there  is  an  approx- 
imate fall  of  150  feet,  with  a  minimum  discharge  of  166  cubic  feet  per 
second,  which  will  produce  a  minimum  indicated  horsepower  of 
1,920.  The  minimum  for  the  6  highest  months  wiU  be  3,060 
horsepower. 

Nantdhala  River. — This  river  is  43  miles  long  and  has  a  total  dram- 
age  area  of  180  square  miles.  Along  the  first  12  miles  there  is  a  total 
fall  of  500  feet  and  a  minimum  run-off  of  176  cubic  feet  per  secondi 
indicating  a  minimum  horsepower  of  7,200.     The  minimum  for  the  6 

[CIr.  1441 


49 

highest  months  would  be  11,500.  In  the  next  18  miles  of  the  river 
there  is  a  fall  of  1,100  feet,  about  80  per  cent  of  which  could  be  util- 
ized. The  minimum  flow  is  120  cubic  feet  per  second,  which  would 
produce  a  minimimi  indicated  horsepower  of  10,800,  and  the  mini- 
mum for  the  6  highest  months  would  be  17,300  horsepower.  There 
are  many  other  tributaries  of  the  Little  Tennessee  providing  good 
power  sites  for  limited  installation,  but  they  will  not  be  discussed  in 
this  paper. 

FRENCH    BROAD   RIVER. 

The  main  stem  of  the  Tennessee  is  formed  a  short  distance  above 
Knoxville  by  the  junction  of  the  French  Broad  and  Holston  rivers. 
The  former  has  a  total  drainage  area  of  4,810  square  miles.  The  indi- 
cated horsepower  along  chosen  sections  of  the  French  Broad  River 
is  set  forth  in  Table  45. 

Tadle  45. — Indicated  horsepower  developed  by  French  Broad  River. 


Section  of  river. 


French    Broad 
River: 

From  mouth  to 
Nolichucky 
River 

From  Noli- 
chucky River 
to  Pigeon 
River 

From  Pigeon 
River  to  Swan- 
nanoa  River... 

From  Swanna* 
no*  River  to 
East  Fork 

From  East  Fork 
to  West  Fork. . 

From  West  Fork 
to  tiead 


Total 


et 


1 


MUei. 

e4 


64 

33 

2 

12 


8q.  miUs. 
4,430 


2,260 

1,750 

440 

66 

a36 


I 


a 
3 


Seen. 
2,440 


1,360 

1,220 

440 
09 
54 


§ 


•^  1^  o 


Sec  ft. 
3,000 


2,180 

1,060 

704 
158 

86 


1 

3 

o 

4» 


s 


Feet. 
135 


4.5 

828 

180 

9 

«»710 


% 
o 


o 
.a 


S 

a 


IS 
6-cg 


30,000  ;  48,000 


555 


01,800 


7,200 
81 


ooo 


147,000 


11,500 
130 


3,480       5,570 


133, 116 


213,088 


Horsepower  available 
from  ptorage  during  a 
period  of— 


a 
o 

a 


o 
S 


n 

a 

o 

B 

to 


Submerged. 


None. 

None. 

None. 
Nono. 
None. 


None. 

None. 

None. 
None. 
None. 


None. 

None. 

None. 
None. 
None. 


o  Total  area. 


^  Mean  head. 


TRIBUTARIES   OF  FRENCH   BROAD    RIVER. 


LitUe  Pigeon  River, — This  river  is  30  miles  long  and  has  a  total 
drainage  area  of  373  square  miles.  In  the  first  5  miles  of  the  river,  there 
is  a  fall  of  50  feet,  which,  with  the  minimum  discharge  of  213  cubic 
feet  per  second,  will  give  an  indicated  minimum  horsepower  of  871. 
This  part  of  the  course  would  be  submerged  by  the  proposed  French 
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Broad  reservoir.  In  the  25  miles  above  this  first  section,  there  is  a 
total  fall  of  1,900  feet.  Considering  480  feet  of  this  as  a  reasonable 
working  head,  and  a  minimum  discharge  of  136  cubic  feet  per  second, 
there  is  an  indicated  horsepower  of  5,930.  West  Fork  of  Little 
Pigeon  River  has  a  drainage  area  of  142  square  miles  and  a  total 
fall  of  1,500  feet  in  21  miles.  Considering  380  feet  as  the  available 
working  head,  and  99  cubic  feet  per  second  as  the  minimum  discharge, 
there  is  a  minimum  indicated  horsepower  of  3,420. 

Nolichuclcy  River  is  an  important  tributary  of  French  Broad  River 
having  a  drainage  area  of  1,760  square  miles.  The  indicated  horse- 
power along  this  river  and  tributaries  is  given  in  Table  46. 

Table  46. — Indicated  honepawer  developed  by  Noliehuchy  River  and  tributaries. 


Section  of  liyer. 


NoUchucky  River: 

From  mouth  to 

Oreeneyille 

Station 

From  Oreene- 
vllle  station  to 
Toe  River, 
Cane  Creek 

Toe  River,  from 
moatli  to  North 
Toe  River  and 
Soath  Toe  River. 

North  Toe  River, 
from  month  to 
head 

Lick  Creek,  from 
mouth  to  head... 

Cane  River,  from 
mouth  to  Hin- 
ton  Creek 

Cane  River,  from 
Hinton  Creek  to 
head 

North  Indian 
Creek,  from 
mouth  to  head  . . 


Total. 


lAlet. 
48 


48 


19 

41 
80 

16 

ao 

14 


8q,  mUet. 
1,460 


880 

360 

»1S8 
»a82 

124 

»04 

»70 


7W 


484 

210 

113 

157 

87 
46 
42 


II 


1 

I'd  a 


See,  ft. 


774 

346 

181 
251 

130 

72 

67 


3 

s 


I 

8 


FeeL 
180 


•684 

277 

«610 
•  70 

887 

•  650 

eseo 


I 

o 

I 

o 


12,000 
30,100 

6,440 

6,240 
1,000 

3,000 

2,250 

1,376 


61,066 


II 


20,200 
48,100 

8,710 

8,380 
1,600 

4,000 

3,600 

2,200 


Horeepower  available 
from  storage  doiiog  a 
period  of— 


I 

9 


8,800 


6,280 


07,600       14,640 


I 


IB,  720 


13,600 


I 


33,440 


26,120 


20,280 


68,500 


a  Fall  rednced  to  160  feet  by  proposed  reservoir. 


»  Total  area. 


c  Mean  heaa. 


Pigeon  Biver. — ^This  river  is  another  important  tributary  of  the 
French  Broad,  having  a  total  drainage  area  of  667  square  miles. 
The  indicated  horsepower  along  chosen  sections  of  this  stream  and 
tributaries  is  set  forth  in  Table  47. 
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Table  47. — IndieaUd  honepower  developed  by  Pigeon  River  and  tributariei. 


Section  of  river. 


Pteeon  River: 
Prom     month 
to  Cataluchee 

Creek 

From  Cata- 
lochee  Creek 
to      Richland 

Creek 

From  Richland 
Creek  to  West 

Fork 

Catalochee  Creek, 
from  month  to 

head 

Jonathan  Creek, 
from  mouth  to 

head 

Weet  Fork,  Pigeon 
River,  from 
mouth  to  head. . . 


Total. 


35 


U 
7 
10 
16 
14 


8q.  mUes, 
560 


S12 
155 
•  68 
attS 
a  62 


Sec^/L 
308 


187 

124 

43 

46 

50 


H 


Sec,  ft. 


£i 


190 
60 
74 
80 


1 


I 

8 


Feet, 
504 


730 

207 

»7D0 

»700 

»40O 


i 


o 
.d 


i 


14,100 

12,200 
2,330 
2,740 
2,030 
1,880 


36,120 


U 


22,600 

10,600 
3,730 
4,380 
4,600 
2,010 


Horeepower  available 
from  storage  duxlng  a 
period  of— 


I 

a 


• 

I 


g 

a 

to 


57,910 


•  Total  area. 


»  Mean  head. 


The  minimum  indicated  horsepower  on  other  important  tributaries 
of  the  French  Broad  is  given  in  Table  48. 

HOLSTON   RIVER. 

Holston  River  has  a  drainage  area  of  3,750  square  miles,  and  is 
142  miles  long  from  its  mouth  up  to  the  junction  of  North  and  South 
forks.  In  the  lower  102  miles  of  the  stream  the  fall  is  only  254  feet, 
or  a  little  more  than  2  feet  per  mile.  In  case  the  proposed  Holston 
reservoir  were  constructed  the  fall  would  be  reduced  to  75  feet 
The  minimum  indicated  horsepower  produced  is  27,400.  In  the 
remaining  40  miles  from  Rogersville  Station  to  the  mouth  of  North 
and  South  forks  there  is  a  fall  of  106  feet,  and  the  minimum  indi- 
cated horsepower  here  is  9,720,  or  14,600  for  the  6  highest  months. 

SOUTH   FORK,  HOLSTON  RIYER. 

South  Fork  is  far  more  important  a  tributary  than  the  North  Fork, 
and  has  a  total  drainage  area  of  2,040  square  miles.  The  indicated 
horsepower  along  several  sections  of  this  stream  is  set  forth  in  Table  49. 
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Table  48. — Indicated  horsepower  developed  on   other  important  tributariet  of  Frendi 

Broad  River, 


Section  of  river. 


xi 

5 


e6 


3 

o 

Eh 


•3 


B 
c 

.•4 


Spring  Creek,  from 
mouth  to  bead . . 

Laurel  Creelc.  from 
mouth  to  head . . 

Ivy  River,  from 
mouth  to  Bull 
Creek 

Ivy  River,  from 
Bull  Creek  to 
West  Fork 

Turkey  Creek.from 
mouth  to  head . . 

Swannanoa  River, 
from  mouth  to 
North  Fork 

Hominy  Creek, 
from  mouth  to 
head 

Mills  River,  from 
mouth  to  North 
Fork,  South 
Fork 

North  Fork.  Mills 
River,  from 
mouth  to  head . . 

South  Fork,  Mills 
River.  from 
mouth  to  head . . 

Little  River,  from 
mouth  to  head . . 

Davidsons  River, 
from  mouth  to 
head 

West  Fork,  from 
mouth  to  head . . 


MUfs.  8q.  mUet}  Sec.  fl. 
16  72  43 


23 


2 
15 

18 

ig 


8 


134 


bieo 


17 

13 
10 


*71 

24 

43 
00 

42 

30 


80 


112 


6110 

77 

79 

55 

bOO 

63 

100 

70 

88 

29 

60 
72 

59 
42 


Total, 


Sec.  ft. 
69 

128 


179 

123 

8S 

100 
112 

141 

46 

96 
115 

94 

67 


I 
1 

o 


t 

S    I 

Feet.  I 
«730 


o 


3 


a? 

§  tftS 


2,850       4,560 


a  760       5,5o0 


00 

180 
a350 

207 


918 

1,260 
1,760 

1,190 


a  210  ,     1,340 


90  720 


•  270  712 


«670 
0  400 

•  550 
0  350 


3,110 
2,620 

2,950 
1,340 


26.290 


8,850 

1,470 

2,020 
2,800 

1,900 

2,140 

1,150 
1,140 

4,980    . 

I 

4,190    . 

I 

4,720    . 
2,140  ;. 


Horsepower  available 
from  storage  doling  a 
]>eriod  of— 


42,060 


a  Mean  head.  b  Mean  drainage  area. 

Table  49. — Indicated  horsepower  developed  by  South  Fork  of  Holston  River. 


Section  cf  rlvrr. 

• 

1 

C 

discharge. 

discharge 
high-water 

• 

3 
s 

■ 

1 

g 

1^ 

X3 

■d 

9 

2  C*J 

a 

a 
■a 

3 

6-§g 

8 

South  Fork.  Hol- 

ston River: 

From  mouth  to 

Miles 

Sq.  mUes. 

Sec.  ft. 

776 

Sec.  ft. 

Feet. 

Watauga  River 
From  Watauga 
River  to  Mid- 

18 

1,940 

1,160 

90 

dle  Fork 

44 

780 

273 

410 

450 

From  Middle 

Fork  to  White 

Top  Creek 

4 

350 

122 

183 

90 

From  White  Top 

Creek  to  head.. 

32 

al65 

58 

87 

b350 

Total 

a 
s 


6,340 

11,200 

v99 
1,850 


Horsepower  available 
from  storage  during  a 
period  of— 


I 

s 

CO 


9,540 

10,700 

1,490 
2,780 


20, 3S9     30, 510 
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Tributaries  of  South  Fork, — Watauga  River  has  a  drainage  area  of 
841  square  miles.  The  indicated  horsepower  along  this  river  is  set 
forth  in  Table  50. 

Tablr  60. — Indicated  horsepower  developed  by  Watauga  River  and  tributaries. 


Section  of  river. 


t 


Watauga  River: 
From  mouth  to 

Doe  River 

From  Doe  River 
to  Roan  Creek. 
From  Elk  Creek 
to  Cove  Creek.. 
Doe  River: 
From  mouth  to 
Laurel  Creek . . 
Prom       Tiger 
Creek  to  head. . 
Laurel  Creek,  from 
mouth  to  head . . 
Stony  Creek,  from 
mouth  to  head... 
Roan  River,  from 
mouth   to    Doe 

Creek 

Roan  River,  from 
Doe    Creek    to 

head 

Elk  Creek,    from 
mouth  to  head . . 


Total. 


Miles. 

20 

18 
18 

6 
14 
12 
14 


19 
24 


•3 

a 


8q. 


miles. 
760 

484 

135 

127 
a05 
a28 
a54 

160 

a  100 
a80 


I 

59 


Sec  ft. 
418 

74 

64 
32 
14 
32 

06 

65 

48 


IS 


CD 


isl 


a 


•69 


Sec,  ft. 
627 

111 

96 
48 
21 
48 

144 

98 
72 


3 


8 

Feet. 
180 

284 

702 

225 
^670 
b860 
^4^0 

90 

»380 
6  770 


o 


u  to 

^2 


6" 


...  g  o 


6,840 
6,860 
4,720 

1,300 
1,950 
1,080 
1,250 

783 


10.300 

10,300 

7,090 

1,900 
2,920 
1,620 
1,880 

1,170 


2,260      3,375 
3,360  '    5,040 


30,303 


45,655 


Horsepower  available 
from  storage  during  a 
period  of— 

• 

1 

1 

1 

to 

• 

■1 

CO 

1 

1 

1 

i 

1 
1 

"***"*** 

, 

a  Total  area. 


b  Mean  head. 


Middle  Fork  is  a  tributary  of  the  South  Fork,  having  a  drainage  area 
of  231  square  miles.  Along  the  lower  19  miles  of  its  course  the  fall  is 
150  feet  and  the  minimum  dischai^e  96  cubic  feet  per  second,  produc- 
ing a  minimum  indicated  horsepower  of  1,170,  and  a  minimum  for  the  6 
highest  months  of  1,760. 

White  Top  Creek,  a  tributary  of  South  Fork,  has  a  drainage  area  of 
178  square  miles.  The  fall  in  the  lower  5  miles  is  300  feet  and  the 
minimum  discharge  72  cubic  feet  per  second.  There  is  produced  a 
minimum  indicated  horsepower  of  1,760,  and  for  the  6  highest  months 
2,650. 

NORTH    FORK,    HOLSJON   RIVER. 

North  Fork  has  a  drainage  area  of  only  732  square  miles,  and  its 
total  length  is  100  miles.  In  the  first  70  miles  of  the  river  there  is  a 
faU  of  500  feet,  which  will  produce  a  minimum  indicated  horsepower 
of  6,460.  The  remaining  30  miles  to  the  head  of  the  river  has  a  total 
fall  of  800  feet,  of  which  230  may  be  considered  as  a  reasonable  work- 
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ing  head.  The  minimum  discharge  is  55  cubic  feet  per  second,  'which 
will  produce  a  minimum  of  1,150  horsepower.  Big  Moccasin  Creek,  a 
tributary  of  North  Fork,  34  miles  long,  has  a  total  drainage  area  of  93 
square  miles.  It  has  a  mean  head  of  670  feet.  The  minimum  indi- 
cated horsepower  produced  by  this  stream  throughout  the  entire 
stretch  is  1,710. 

GONOLX7SION. 

The  facts  given  in  previous  pages  require  no  further  elucidation. 
Great  as  they  show  the  water-power  facilities  to  be,  they  do  not  con- 
vey an  adequate  idea  of  the  immense  possibilities  of  the  region. 

Approved: 

James  Wn^soN, 

Secretary  of  AgricuUure. 

Washikotok,  D.  C,  Jumaary  IB,  1908. 
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THE  INFLUENCE  OF  FORESTS  ON  CLIMATE  AND  ON 

FLOODS. 


By  Willis  L.  Moobb,  LL.  D.,  Sc.  D.,  CMsf  U.  8.  Weather  Bureau. 


INTEODUOTION. 


One  of  the  most  important  problems  before  the  American  people 
to-day  is  the  protection  of  their  natural  resources  against  either  the 

Eeed  of  those  who  would  monopolize  them  for  their  own  individual 
»nefit  or  those  who,  while  well  meaning,  would  through  ignorance 
destroy  our  heritage  and  leave  posterity  poor. 

In  the  discussion  of  matters  concerned  with  the  conservation  of  the 
natural  resources  of  the  nation,  some  of  which  may  involve  the 
expenditure  of  hundreds  of  millions  of  dollars  and  the  emplo^ent 
for  years  to  come  of  thousands  of  public  officials,  a  consideration  of 
the  relation  of  forests  to  climate,  floods,  and  low  water  is  vitally 
important. 

While  much  has  been  written  on  this  subject,  but  little  of  it  has 
emanated  from  meteorologists  or  from  those  in  the  public  service 
who  have  been  actively  engaged  in  the  forecasting  or  river  stages, 
both  of  high  and  of  low  water.  In  the  prosecution  of  such  dutv  these 
ofl&cials  have  become  acquainted  with  the  physical  facts  involved  in 
the  problem  and  are  therefore  well  fitted  to  speak  on  the  relation  of 
such  facts  to  stream  flow. 

THE   AUTHOE   AOKNOWLEDOES   A   CHANGE  OF  OPINION. 

It  has  frequently  been  stated  that  forests  control  the  flow  of 
streams,  both  in  high-water  sta^  and  in  low-water  stages,  fl^nd  that 
the  climate  is  so  materially  affected  by  the  cutting  away  of  the 
forests  that  droughts  have  largely  increased  and  that  the  well-being 
of  future  generations  is  seriously  menaced.  It  is  my  purpose  to 
present  facts  and  figures  that  do  not  support  these  views,  some  of 
which,  especially  those  that  pertain  to  the  flow  of  streams,  were  held 
by  me  up  to  a  few  years  ago — ^until  a  careful  study  of  our  own  and 
other  records  and  of  the  incidents  of  history  caused  me  to  modify  my 
opinions.  I  shall  endeavor  not  to  be  dogmatic,  but  rather  to  present 
the  reasons  for  the  conclusions  that  I  now  entertain,  with,  so  far  as 
may  be,  statistical  and  historical  evidence  to  sustain  them.  And  I 
reserve  the  right  to  change  or  still  further  modi^  my  views  if  the 
presentation  of  new  facts  and  figures  render  such  a  course  logical, 
and  do  not  consider  that  I  shall  stultify  myself  in  so  doing. 
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4  THE  INFLUENCE  OF  FOBESTS  ON  CLIMATE  AND  ON  FLOODS. 

FORESTS   SHOULD   BE   PBOTEGTED. 

There  are  so  many  reasons  why  forests  should  be  protected  by  the 
state  and  the  nation  and  economically  conserved  in  the  interests  of 
the  whole  people  that  it  is  doing  an  injury  to  a  good  cause  to  attempt 
to  brin^  to  its  support  the  false  reasoning  and  mistaken  conclusions  of 
enthusiasts,  no  matter  how  well  meaning  they  may  be  or  how  devoted 
to  high  and  lofty  purposes. 

Conservation  or  national  resources  is  national  economy,  just  as 
conservation  of  private  resources  is  personal  economy.  But  whether 
personal  economy  is  beneficial  or  harmful  to  the  individual  and  his 
children  depends  upon  the  extent  and  nature  of  that  economy;  and 
the  same  thing  is  equally  true  of  a  nation.  Conservation  that  pre- 
vents the  practical  use  of  individual  or  national  resources  is  like 
unto  the  economy  of  the  timid  servant  that  hid  his  master's  talent 
in  the  earth,  and  in  large  measure  deserves  the  same  condemnation. 

There  should  be  neither  wasteful  use  of  resources  nor  that  greatest 
waste  of  all,  total  disuse  of  them,  but  that  economical  use  which  in 
the  end  will  have  yielded  the  greatest  good  to  the  greatest  number. 

Preservation  of  the  forests,  cutting  wisely,  but  never  more  than 
they  reproduce,  enables  us  to  draw  from  a  peipetual  supply  a  certain 
quantity  of  material  for  buildings,  for  furniture,  and  tor  fuel.  But 
of  course  the  forested  land  yields  not  a  handful  of  wheat  nor  of  com 
and  malces  hut  a  wretched  smstUute  for  the  pasture  upon  which  to  feed 
milch  cows  and  heef  cattle.  These  conflicting  interests,  the  pleaoing 
of  the  poor  man's  children  for  bread  and  meat  and  the  cry  of  the 
country  for  the  lumber  that  only  a  woodland  can  furnish  would,  if 
there  were  no  other  interests  to  modify  the  result,  somewhere  find  an 
inevitable  balance.  But  just  as  the  body  is  more  important  than 
its  raiment,  so,  too,  is  its  food  more  important  than  its  shelter;  and 
therefore  in  every  country  the  general  tendency,  with  growth  of  popur 
lotion y  is  to  convert  forest  lands  into  cultivated  fields,  and  this  temency 
should  not  he  discouraged  unless  it  can  he  shown  piat  deforestation  has 
augmented  droughts  arm  floods,  and  I  helieve  that  it  can  not  he  soshown; 
I  believe  that  forests  should  he  preserved  for  themselves  alone,  or  not 
ataU. 

The  average  virgin  forest  is  wasteful  as  a  source  of  lumber  and  of 
fuel.  It  is  only  here  and  there  that  a  tree  is  found  of  proper  growth 
and  suitable  species  for  first-class  material.  As  a  lumber  producer  a 
forest  of  this  land  is  analogous  to  a  cornfield  planted  in  scattering 
hills  here  and  yonder,  instead  of  being  cultivated  throughout  its 
extent  and  planted  with  that  re^larity  and  closeness  of  spacing  that 
will  produce  the  maximum  vield.  If  the  expense  is  not  found  to  be 
too  great  in  comparison  with  the  return,  forests  should  be  cultivated 
with  the  same  care  both  as  to  species  and  as  to  distribution,  and  pos- 
sibly, too,  as  to  rotation,  that  the  intelligent  farmer  uses  in  planting 
his  fields.  In  this  way  returns  equal  to  what  we  now  get  could  be 
secured  from  a  much  smaller  forested  area,  and  there  can  he  no  valid 
objection  to  decreasing  the  area  where  homss  and  a  weHfed  people  take 
ihe  place  of  wild  animals  and  the  wilderness. 

It  is  found  that  in  some  limited  areas  where  the  forest  is  cleared 
away,  the  soil,  owing  to  its  nature  and  slope,  will  not  admit  of  suc- 
cessful cultivation.  It  may  wash  so  badly  under  heavy  rains  as  to 
become  unfit  even  for  reforesting.    In  otners,  owing  to  the  nature 
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of  the  surface,  cultivation  is  impossible.  These  are  fit  places  for 
local  control,  provided  such  control  is  commercially  feasible,  but  not 
for  national  control,  urdesa  it  can  be  denuyngtraied  ihat  ihe  conditiana 
at  these  places  materially  ajffect  the  riavigability  of  streams  or  harmjufly 
affect  the  climate  of  the  continent  at  large. 

The  great  value  of  forests  as  fuel  producers  is  admitted  on  every 
hand,  and  because  of  the  growing  cost  of  coal  their  importance  in 
this  particular  is  likely  to  increase  rather  than  diminish,  and  of  course 
without  them  the  woild  would  be  deprived  of  that  beautiful  building 
material  which  from  the  earliest  ages  it  has  used  so  freely  and  regardea 
as  indispensable,  but  which  in  the  future  may  be  used  in  a  less  ratio 
as  the  use  of  noncombustible  materials,  like  concrete,  stone,  and 
steel,  becomes  more  general,  and  certainly  their  use  will  increase.  No 
reason  in  addition  to  these  can  be  needed  to  justify  an  immediate  and 
vigorous  effort  on  the  part  of  individuals,  and  especially  on  the  part 
of  governments,  to  teach  and  to  insure  the  wisest  national  use — ^that 
is,  wisest  use  wnen  both  the  present  and  the  future  are  properly  con- 
sidered— of  all  existing  forests,  and  also  where  and  how  oest  to  secure 
other  forested  areas. 

Nevertheless  additional  reasons  are  urged,  and  in  some  cases  urged 
as  the  paramount  reasons  for  forest  conservation,  which  will  not 
stand  the  test  of  investigation. 

EFFECT  OF  FOBEST  ON   CLIMATE. 

It  is  often  said  that  the  cUmate  of  a  given  place  depends  upon  the 
extent  and  proximity  of.  wooded  areas ;  that  the  number  of  rainy  days 
and  the  total  amount  ot  rainfall  are  modified  by  change  of  forest 
extent;  that  the  depth  of  floods,  the  shallowness  of  low  water,  and 
the  regularity  of  flow  are  all  profoundly  modified  by  changing  the 
proportion,  of  fields  to  forests  in  the  watershed. 

Now,  the  extent  and  even  the  nature  of  these  influences  is  not  a 
matter,  as  often  is  implied,  of  universal  agreement.  In  regard  to 
change  of  climate,  r^ardless  of  the  cause,  trustworthy  records  of 
temperature,  of  rainfafi,  and  of  other  meteorological. elements  do  not 
cover  a  sufficient  ranfi^e  of  time  to  furnish  all  the  data  necessary  for 
a  statistical  solution  c3  this  problem.  However,  there  appears  to  be 
plenty  of  evidence  that  there  have  been  times  in  the  remote  past 
when  the  salt  seas  both  of  Asia  and  of  America  had  surfaces  of  greatly 
increased  size  over  those  that  now  exist.  There  is  evidence  also  that 
in  certain  of  these  refflons  trees  once  grew  more  abundantly  than  is 
now  the  case.  This,  nowever,  must  not  be  taken  as  proof  that  there 
has  been  a  decrease  of  rainfall  due  to  destruction  of  the  forests.  It 
is  true  that  the  forests  have  diminished — ^in  some  cases  wholly  van- 
ished— and  it  is  ako  true  that  the  evidence  strongly  supports  the 
assumption  of  a  decrease  in  rainfall,  and  therefore,  of  course,  of  a 
greater  or  less  change  of  climate;  but  this  decrease  of  precipitation 
might  better  be  regarded  as  the  cause  rather  than  as  the  result  of 
the  barren  condition  of  the  soil.  There  is  no  evidence  that  the  for- 
ests were  ever  more  extensive  in  Alaska  and  in  other  high-latitude 
countries  than  they  now  are.  Nevertheless,  in  these  countries,  too. 
just  as  in  arid  regions  of  the  great  continents,  there  is  evidence  oi 
the  same  slow,  long-period  climatic  change — a  decrease  of  precipi- 
tation or  an  increase  of  temperature,  or  both — a  change  that  can 
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not  be  due  to  deforestation.  This  evidence  consists  in  the  slow  irregu* 
lar  retreat  (followed  once  in  a  while  by  a  slight  advance)  and  diminu- 
tion of  the  glaciers,  which  phenomenon  is  said  to  be  uniyerscd  regard- 
less of  latitude,  of  lon^tude,  and  of  elevation,  and  which  appears  to 
have  been  in  more  or  less  steady  progress  with,  however,  occasional 
temporary  relapses  of  one  or  another  magnitude  since  the  culmina^ 
tion  of  tne  great  ice  age.  In  fact,  we  can  reasonably  say  that  we 
are  even  yet  in  the  ice  age — a  vanishing  age  to  be  sure,  but  one  not 
wholly  gone — and^  further,  that  whatever  marked  dimatic  changes  take 
pkbce  they  are  essentuHly  universal  and  not  local. 

Prof.  William  J.  Humphreys,  Ph.  P..  Johns  Hopkitis,  professor  of 
meteorological  physics,  United  States  W  eather  Bureau,  says : 

Theee  universal  slow  climatic  chaneee  that  for  thousands  of  vears  have  been  modi- 
fying the  glaciers  and  changing  the  inland  seas  might  very  well  have  led  to  extensive 
forest  destruction;  but  that  it  itself  was  the  effect  and  the  destruction  of  the  trees 
the  cause  seems  most  unlikely. 

DESICCATION   IK   ASIA. 

In  this  connection  I  would  refer  to  the  opinion  of  Mr.  Ellsworth 
Huntington,  B.  A.  of  Beloit  and  M.  A.  of  Harvord.  For  four  years, 
1897-19Q1,  he  was  the  President's  assistant  and  instructor  at  Euphra- 
tes College^  Harput,  Turkey.  He  explored  the  canyon  of  the  Euphra- 
tes River  in  1901  and  was  awarded  the  Gill  Memorial  by  the  Royal 
Geographic  Society  of  London.  He  was  research  assistant  in  the 
Carnegie  Institution,  of  Washington,  and  was  a  member  of  the  Pum- 
pelly  e^edition  to  Russian  Turkestan  in  1903-4.^  He  spent  one  and 
one-half^  years  in  Turkestan  and  Persia  and  a  like  period  in  India, 
China^  and  Siberia  as  a  member  of  the  Barrett  expedition.  He  has 
been  instructor  in  geography  at  Yale  since  1907.  He  explored  the 
Lop  basin  in  Chinese  Turkestan,  whose  length  is  1,400  miles  and  whose 
maximum  width  from  north  to  south  is  400  miles,  embracing  an  area 
as  large  as  that  portion  of  the  United  States  east  of  Lake  Michigan 
and  north  of  Tennessee.  Most  of  the  basin  is  desert.  In  an  article 
in  the  Monthly  Weather  Review  for  November,  1908,  dated  at  Yale 
University,  November  10  of  the  same  year,  he  says: 

.  The  Lop  basin  contains  abundant  evidencee  of  climatic  changes,  and  has  been  di»- 
cussed  in  detail  b^  the  writer  in  "The  Pulse  of  Asia.''  Throughout  the  basin  the 
amount  of  v^etation  has  greatly  decreased  in  recent  times  without  the  intervention 
of  man.  On  the  lower  slopes  of  the  Kuenlun  Mountains  the  dissected  condition  of 
numerous  deposits  of  loess  shows  that  a  cover  of  grass  prevailed  at  no  remote  date,  but 
has  now  disappeared.  In  the  zone  of  vegetation  plants  of  all  kinds  show  signs  of  a 
process  of  drying  up  which  has  been  in  progress  for  centuries.  Tamarisk  bushes  stand 
upon  mounds  from  6  to  60  feet  high,  a  sure  sign  of  the  lowering  of  the  level  of  ground 
water;  poplar  forests  which  once  extended  for  scores  of  mues  now  form  wastes  of 
branchless  d^Ml  trunks  like  gaunt  gray  skeletons;  and  beds  of  dead  reeds  cover  hun- 
dreds of  square  miles.  It  has  often  been  asserted  that  the  destruction  of  forests  has 
been  the  cause  of  the  diminution  of  rainfall.  In  the  Lop  basin  the  opposite  appears 
to  be  the  case;  the  supply  of  water  has  diminished,  and  therefore  the  forests  have  aied. 
Rainfall  unquestionaoly  controls  forestation,  but  neither  in  the  Lop  basin  nor  in  other 
parts  of  central  and  western  Asia  is  there  any  good  evidence  that  forests  have  an 
appreciable  effect  upon  rainfall. 

Another  important  line  of  evidence  is  found  in  the  relation  of  rivers  to  the  deeeit 
of  Taklamakan  and  to  ruins  of  ancient  dwellings.  On  the  south  side  of  the  Lop  basin, 
from  Khotan  eastward  to  Lop  Nor,  the  writer  examined  seventeen  streams  which  are 
worthy  of  notice,  because  of  their  size  or  becauee  they  support  oases.  All  but  four 
come  to  an  end  in  the  zone  of  vegetation,  where  they  spread  out  and  disappear  either 
naturally  or  because  used  for  irrigation.    Hence  it  is  impossible  to  detemune  whether 
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or  not  they  have  decreased  in  length .  At  the  lower  ends  of  the  other  lour,  old  channeb 
are  found  lined  with  dead  forests,  which  prove  that  the  streama  once  extended  from 
8  to  "25  miles  farther  than  is  now  the  case  before  finally  becoming  swallowed  up  in 
the  sand. 

FOBESTS  IN  EVIDENOB  AFTER  STREAMS  HAVE  DRIED  UP. 

The  fad  that  dead  forests  stand  long  after  the  streams  have  receded 
seems  to  prove  that  (iCey  are  the  last  to  dtsappear  rather  than  the  first, 
and  ihergore  that  (heir  removal  did  not  precede  the  drought  but  rather 
that  the  forests  ceased  to  exist  when  the  rainfall  became  deficient. 
Unmistakable  evidence  is  found  of  the  existence  of  extensive  forests 
in  Arizona  and  New  Mexico,  where  only  the  petrified  trunks  of  trees 
now  remain.  It  can  not  be  said  that  man  removed  these  forests  and 
brought  on  the  drought. 

LOOAL  OLIMATIO  INFLUENCES   OF  FORESTS. 

One  may  conclude  from  the  evidence  gathered  from  manv  sources 
that  summer  temperature  is  slightly  less  in  the  forests  and  in  their 
neighborhood,  especially  to  the  leeward,  than  it  is  in  corresponding 
cleared  sections.  Forest  temperature  is  also  slightly  higher  during 
cold  weather  than  is  that  of  open  fields,  due  presumaoly  to  the  inter- 
ference of  the  trees,  even  whMi  of  the  deciduous  type,  with  free  ground 
radiation. 

The  increase  of  winter  temperature,  however,  is  not  equal  to  the 
decrease  of  that  of  summer,  the  season  during  wnich  most  vegetation 
needs  all  of  the  heat  it  can  get ;  and,  therefore,  it  happens  that  wooded 
areas  may  slightly  retard  the  growth  of  crops  in  tneir  neighborhood, 
as  is  said  to  be  the  case  in  the  uplands  of  Mauritius. 

With  regard  to  the  effects  of  forests  on  rainfall,  I  quote  the  follow- 
ing from  recent  writing  of  Prof.  Cleveland  Abbe,  who  is  the  senior 
professor  of  the  Weatner  Bureau  and  a  member  of  the  National 
Academy  of  Science.    He  says: 

It  is  a  pity  that  the  errors  of  past  centuries  should  stiU  continue  to  be  disseminated 
long  after  scientific  research  has  overthrown  them.  It  is  easv  to  start  false  theories  and 
to  believe  them,  because  they  are  generaUy  simple  and  plausible,  but  long  years  of 
work  are  necessary  before  we  get  at  the  secrets  of  nature.  In  this  day  and  eeneration, 
the  idea  that  forests  either  increase  or  diminish  the  quantity  of  rain  that  buls  from  the 
clouds  is  not  worthy  to  be  entertained  by  rational,  mteUigent  men. 

'Gauges  exposed  over  forests  universally  catch  more  than  gauges 
exposed  at  the  same  elevation  in  the  open.  Professor  Abbe  explams 
this  as  follows: 

The  main  trouble  consists  in  the  assumption  that  the  water  caught  and  measured 
in  the  rain  gauge  correctly  represents  the  ramfall .  Perhaps  the  most  interesting  obser- 
vations bearing  directly  on  this  question  are  those  made  by  Brandis  and  Blanford  in 
India,  where  rain  gauges  were  placed  both  on  the  ground  and  above  the  tree  tops  at 
the  height  of  60  feet  in  well-watered  regions.  The  high  gauges  in  the  forest  recorded 
4  i>er  cent  greater  catch  than  those  at  the  same  height  in  the  open  fields,  and  the  low 
gauges  on  the  ground  in  cleared  spaces  in  the  forest  gave  2  per  cent  greater  catch  than 
those  in  open  lands.  But  these  figures  do  not  prove  that  the  forest  received  more 
rain  than  the  clear  areas,  although  at  first  sight  they  would  seem  to  confirm  that  idea. 
The  fact  is  that  the  forest  gauges  were  better  sheltered  from  the  wind  than  the  open- 
ground  gauges  and  this  caused  them  to  catch  a  larger  proportion  of  the  rain  that  leU. 

The  rain  gauge  has  several  sources  of  error  that  must  be  mvestigated  and  allowed  for, 
as  in  all  other  meteorological  apparatus,  so  that  we  may  not  use  crude  and  imperfect 
data.  The  effect  of  the  wind  in  diminishing  the  catch  of  the  rain  gauge  has  frequently 
been  investigated  since  the  first  studies  by  Mikle  in  1819,  and  the  present  state  of  our 
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knowledge  was  convincingly  Bummarized  *  *  *  in  1887  in  an  Appendix  to  BulletiB 
7,  publiuied  by  the  Foreetry  Division,  United  States  Department  of  Amculture. 
ThiB  Bulletin,  edited  by  B.  E.  Femow,  ''the  father  of  American  forestry/'  recounts 
the  various  methods  appropriate  to  the  determination  of  the  true  amount  of  precipi- 
tation, and  its  bearing  on  tneories  of  forest  influences. 

It  appears  that  in  ordinary  rainfalls  we  have  a  mixture  of  lai]^  and  small  drops  ol 
water  aescending  with  various  velocities  that  depend  on  their  sue,  density,  ana  the 
resiBtance  of  Hie  air.  Particles  of  hail  descend  even  faister  than  drops  of  water,  but 
flakes  of  snow  fetll  more  slowlv.  When  the  wind  strikes  the  side  of  a  rain  puge  the 
deflected  currents  move  past  this  obstacle  more  rapidly,  and  there  is  an  invisible  layer 
of  wind  above  the  open  mouth  of  the  gauge,  whose  norizontal  motion  is  more  rapid  than 
that  of  the  wind  higher  up.  Some  of  the  laiger  falling  drops  may  descend  with  a 
rapidity  sufficient  to  penetrate  this  swiftly  moving  layer  of  air,  but  the  slower  ones 
wQl  be  carried  over  to  leeward  and  many  will  miss  the  gauge.  The  resulting  loss  of 
ndn  will  depend  upon  both  the  horizontal  velocity  oi  the  wind  and  the  vertical 
velocitv  of  aescent  of  the  lain. 

The  met  that  the  deficit  mcreases  with  the  velocity  of  the  wind  (which  is  less  over 
the  forest)  has  also  been  proven  in  a  different  way,  vizj  by  shielding  the  gause  from 
the  wind,  when  the  deficit  becomes  ereatly  reduced  m  value.  FrofessoiB  Henry, 
Nipher,  Boemstein,  Hellmann,  all  of  tnem  eminent  investigatorB,  agree  in  this  con- 
clusion. 

Of  two  gauges  exposed  at  the  same  elevation  above  the  ground, 
one  oyer  the  open  fields  and  the  other  over  a  forest,  just  above  the 
tops  of  the  trees,  the  one  over  the  forest  will  catch  considerably  more 
ram,  because  the  friction  of  the  trees  reduces  the  velocit]r  of  the  wind 
and  it  does  not  rush  across  the  open  end  of  the  gauge  with  the  same 
speed  that  it  does  across  the  gauge  over  the  open  fidds. 

The  influence  of  a  forest  upon  the  rainfall  is  therefore  only  ap- 
parent; it  may  increase  or  diminish  the  catch  of  the  gauge,  but  not  the 
quantity  of  rain  faUina  from  the  doud. 

Professor  Abbe  further  says: 

If  gauges  are  raised  up  year  by  year,  the  deficit  increases;  if  gauges  in  open  fields 
become  sunx>unded  by  growing  trees  or  higher  buildings,  the  deficit  decreases.  The 
eUmate  has  not  changed,  but  the  «rror«  of  the  record  have  done  so.  Those  who  wish 
to  restore  the  good  old  times  before  the  forests  were  cut  down,  when  rain  and  enow 
came  plentifully  and  regularly,  have  only  to  lower  and  shelter  their  rain  gauges  and 
snow  gauges  and.  preBtOj  the  climate  has  changed  to  correspond. 

When  rain  is  ntlling  on  a  forested  region,  about  25  per  cent  is  temi>orarily  held  tu 
above  the  ground  on  the  leaves  and  branches  of  the  trees.  In  this  minutely  divided 
condition,  exposed  to  the  action  of  the  wind,  the  drops  evaporate  freely,  so  tibiat  the 
forest  atmospnere  becomes  saturated  and  decidedly  less  moisture  reaches  the  groimd 
to  be  absorbed  in  the  forest  humus  than  on  an  e<iual  volume  of  soil  outside  the  forest. 
A  special  climate  is  therefore  maintained  within  a  forested  area.  The  temperature 
is  lowered  and  the  relative  humidity  is  increased,  but  there  is  no  evidence  mat  this 
local  forest  climate  extends  outside  the  forest  or  affects  exterior  conditions  to  jmy 
important  extent.  Of  course,  the  climate  under  a  tree  or  a  tent  or  within  a  house 
diners  from  that  outside,  but  these  are  local  matters  quite  foreign  to  the  broad  ques- 
tion, Do  forests  affect  climate? 

The  climate  within  a  house  is  not  the  climate  of  the  whole  city,  nor  is  the  climate 
of  a  ravine  that  of  the  surroundins  fields.  One  thermometer  or  rain  gauge  in  the 
open  air  does  not  give  the  climate  of  a  State  or  watershed.  The  various  and  restricted 
uses  of  the  word  '"climate"  have  led  to  our  confusion. 

LOCAL  TEMPERATXJBE  DIFFERENCES  DUE  TO  CHARACTER  OF  SOIL 

COVERING. 

• 

As  the  result  of  investigations  begun  in  Wisconsin  by  the  author 
over  fifteen  years  ago  and  continued  during  the  past  three  or  four 
years  by  Prof.  Henrv  J.  Cox .  of  the  Weather  Bureau,  we  have  found 
that  surprising  results  are  obtained  on  two  surfaces  of  precisely  the 
same  level  on  adjacent  fields,  one  of  them  covered  with  thick  vege- 
tation and  the  other  covered  2  inches  deep  with  sand.    We  have 
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noted  differences  in  temperature  frequently  of  7°  to  9°  in  the  air 
immediately  adjacent  to  the  surface  or  within  a  stratum  3  inches 
deep,  this  difference  being  so  great  that  one  area  would  receive  a  heavy 
deposit  of  frost  and  the  other  (sanded  section)  be  entirely  free  from 
such  frigid  temperatures;  and  the  difference  in  temperature  between 
a  thermometer  exposed  in  the  heart  of  a  city  and  one  in  the  open 
field  but  a  few  miles  away  was  found  to  be  marked.  As  an  illustra- 
tion:  A  thermometer  in  a  shelter  at  La  Oosse,  Wis.,  re^tered  50^ 
ininimum  temperature  on  a  certain  morning,  while  a  thermometer 
in  the  cranberry  marshes  50  miles  away  feu  to  freezing;  but  these 
were  all  local  irr^ularities.  Tlie  difference  in  temperature  between 
the  air  over  thick  vegetation  and  that  over  the  sanded  surface  dis- 
appeared within  a  height  of  3  feet,  and  it  is  probable  that  the  tem- 
perature over  La  Crosse  and  over  the  cranberry  marshes  was  the 
same  at  an  altitude  of  200  feet. 

CHANGING  THE   LOOAL   CLIMATE   BY  ARTIFICIAL   CONDITIONS. 

The  covering  of  tobacco  plants  with  thin  cheese  cloth  results  in 
establishing  a  local  clipxate  which  will  continue  so  long  as  the  cheese 
cloth  remams  in  position.  The  extremes  of  temperature,  both  heat 
and  cold,  are  reduced,  and  the  resulting  climatic  change  Woduces  a 
marked  effect  upon  all  vegetation  grown  under  the  artificial  condi- 
tions. The  erection  of  a  tent,  of  a  bam,  of  a  dwelling  house,  of  a 
village,  or  the  growth  of  a  ^reat  city,  respectively,  influence  the  local 
climate  in  proportion  to  the  area  that  is  covered,  modified  by  the 
character  or  the  material  used  in  these  constructions.  Likewise  the 
vegetable  covering  of  the  earth  may  have  a  local  appreciable  effect. 
The  flooding  of  an  area,  the  cutting  away  of  forests,  erosion,  and 
sanding  may  have  either  minute  or  appreciable  effects  upon  local 
climat^  in  proportion  to  the  magnitude  of  the  areas  affected,  bvi 
this  does  not  mean  ihat^  (here  is  any  great  dWerence  in  the  climatic  effect 
between  a  forest  covering  and  one  of  hushes,  of  grass,  or  of  growing 
crops;  ana  it  does  not  signify  that  there  is  sufficient  change  in  the  fher^ 
mm  conditions,  due  to  the  activities  of  man,  as  to  make  an  appreciable 
difference  in  the  temperature  at  an  altitude  of  one  or  two  hundred  feet, 
or  to  affect  the  general  climatic  conditions,  or  to  cause  storms  to  be  more 
frequent  than  formerly  or  of  greater  severity,  or  to  increase  the  amount 
of  precipitation. 

A   PLEA   FOE  TOLERANCE   OF  OPINION. 

But  this  discussion  should  not  be  approached  in  an  intolerant 
spirit.  We  have  accurate  records  of  climate  from  only  a  few  isolated 
places  in  this  country  that  extend  back  for  a  period  of  as  much  as 
one  hundred  years,  and  the  Government's  extensive  records  only 
cover  a  perioa  of  forty  years.  I  would  warn  against  hasty  conclu- 
sions; against  accepting  as  final  the  deductions  of  several  investi- 
gators who  have  recently  publicly  discussed  the  fiood  records  of  the 
Weather  Bureau.  They  find  a  most  alarming  increase  in  the  floods 
of  the  Ohio  Valley  and  other  places,  for  which  I  find  no  justification. 
Let  logic,  reason,  and  investigation  have  time  to  operate^  for  any 
man  may  be  honestly  mistaken  and  draw  general  conclusions  from 
inconsequential  details  or  deceive  himself  by  the  improper  grouping 
of  data. 
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RECORDS   OF   PRECIPITATION   SHOW   NO   MATERIAL   OHANGE. 

The  records  of  precipitation  of  the  United  States  Weather  Bureaa 
do  not  show  that  there  has  been  any  appreciable  pei^nanent  decrease 
in  the  rainfall  of  any  section  of  the  United  States.  ^  .There  are  unr 
doubtedly  periods  covering  a  number  of  years  of  continued  deficiency 
in  precipitation  for  certain  districts,  but  at  the  same  time  other  disH 
tricts  may  show  a  corresponding  increase.  One  of  the  best  and  long- 
est records  of  precipitation  of  tne  eastern  part  of  the  country  is  that 
made  at  New  Bedford,  Mass.,  by  Mr.  Samuel  Rodman  and  his  son. 
covering  the  period  from  1814  to  within  a  year  or  so  ago.  a  perioa 
of  about  ninety-five  years.  ^  The  following  table  shows  tne  annual 
amount  of  precipitation  during  each  vear  of  the  above-named  period, 
from  which  one  can  see  for  nimseli  the  variations  in  the  amounts 
from  year  to  year,  by  the  ten-year  period,  or  make  other  comparison: 

Table  I, --Annual  predpitation  at  New  Bedford^  Mau,,  for  the  period^  1814  to  1908, 


Year. 

Amoont 

Yew. 

Amoimt 

Year. 

Amount 

Year. 

Amoont 

1 

Year. 

Amoimt, 

1814 

43.06 

1888 

42.62 

1862 

46.14 

1871 

40.60    ; 

1800 

01.60 

1816 

40.78 

1834 

46.12 

1863 

89.47 

1872 

47.66 

1801 

47.88 

1816 

44.18 

1836 

47.21 

1864 

68.82 

1878 

61.70 

1808 

48.88 

1817 

48.83 

1836 

42.88 

1866 

41.00 

1874 

49.84 

1883 

60.27 

1818 

40.77 

1837 

39.07 

1866 

87.09 

1876 

48.88 

1894 

46.80 

1819 

89.66 

1838 

38.28 

1867 

48.30 

1876 

42.18 

1895 

41.68 

1820 

41.82 

1839 

44.38 

1858 

44.03 

1877 

47.04 

1800 

47.78 

1821 

46.64 

1840 

46.69 

1850 

61.43 

1878 

60.66 

1807 

6a  00 

1822 

41.78 

1841 

60.60 

1860 

89.78 

1879 

42.81 

1806 

62.00 

1823 

60.89 

1842 

89.06 

1861 

46.46 

1880 

40.07 

1899 

44.84 

1824 

47.84 

1848 

60.67 

1862 

48.82 

1881 

80.10 

1900 

44.00 

1825 

38.09 

1844 

40.78 

1863 

46.10 

1882 

41.88 

1901 

51.84 

1820 

64.77 

1846 

48.06 

1864 

40.96 

1888 

43.61 

1903 

45.42 

1827 

62.90 

1846 

84.51 

1866 

46.01 

1884 

64.99 

1908 

47.40 

1828 

89.04 

1847 

46.91 

1866 

40.80 

1886 

80.81 

1904 

60.06 

1829 

66.41 

1848 

40.74 

1867 

47.11 

1886 

49.80    , 

1906 

41.80 

1880 

64.66 

1849 

36.42 

1868 

66.82 

1887 

61.77 

alOOO 

43.00 

1831 

61.18 

1850 

62.67 

1869 

49.94 

1888 

66.07 

1907 

43.82 

1832 

49.81 

1861 

61.61 

1870 

47.16 

1889 

62.71 

1006 

88.61 

a  The  record  lor  N  e w  Bedford  ends  with  the  year  1006;  annual  amounts  for  1007  and  1906  are  for  Fall  RIt«. 


The  average  fall  for  ten-year  periods  from  1814  to  1908,  inclusive, 
indicates  that  while  the  rainfall  during  the  past  few  years  has  been 
considerably  less  than  the  average,  it  has  not  been  less  than  has 
occurred  in  numerous  previous  years — ^notably  from  1814  to  1819, 
from  1833  to  1839,  and  from  1860  to  1866.  Further  investigation 
shows  that  for  the  first  fifty  vears  of  the  period  the  average  annual 
rainfall  at  that  point  was  aoout  46  inches,  while  during  the  last 
forty-five  years  tne  annual  fall  has  increased  to  more  than  47  inches. 
This  indiccUes  that  instead  of  a  diminishina  rainfall^  weJuwe  (he  evidence 
ffuU,  if  there  if  any  variahon  ai  aU  in  me  precipitation,  it  is  a  alight 
increa^sefor  this  region. 

Figure  1  graphically  shows  the  average  fall  for  ten-year  periods, 
namely,  from  1814  to  1908,  inclusive. 

We  will  now  move  our  inquiry  to  a  part  of  the  Middle  West  where 
there  has  been  no  deforestation.  Here  there  has  been  a  nowth  of 
planted  hedge  rows,  of  trees  along  highwaj^s  and  fence  lines  and 
about  places  of  habitation,  and  the  virgin  soil  has  been  broken  and 
made  more  permeable  to  tne  rainfall. 
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The  annual  fluctuation  in  precipitation  for  two  different  parts  of 
the  United  States,  viz,  New  England  and  the  Ohio  Valley,  is  graphic- 
ally shown  in  figure  2.  The  New  England  curve  was  constructed  from 
the  data  for  Boston,  New  Bedford,  and  Providence,  at  which  points 
fairly  accurate  rainfall  measurements  have  been  made  dating  back  to 
1836.  The  Ohio  Valley  curve  is  based  upon  rainfall  measurements 
made  at  Marietta^  Portsmouth^  and  Cincmnati. 

The  heavy  honzontal  Unes  m  the  diagram  represent  the  normal 
precipitation.  The  amount  that  the  actual  fall  of  any  year  exceeded 
or  f eU  short  of  the  normal  may  be  found  by  noting  me  intersections 
of  the  curved  Unes  with  the  smaller  horizontal  lines,  whose  values  are 

g'ven  in  inches  on  the  left  margin.  If  periods  of  heavy  and  light  rain- 
11  alternated  regularlv,  the  lines  of  departure  from  the  normal 
(the  curved  Une)  would  rise  and  fall  in  a  series  of  bends  or  inflec- 
tions precisely  as  the  temperature  rises  and  falls  with  the  alternation 
of  day  and  ni^ht.  Reference  to  the  diagram  itself  will  best  show  how 
closer^  the  rainfall  of  the  two  regions  approaches  any  sort  of  periodic- 
ity. The  Ohio  Valley  curve  is  more  symmetricfJ  than  that  of  New 
England,  and  there  appears  to  be  a  rou^h  periodicity  of  about  nine 
years  in  it.  Thus  there  were  periods  of  heavy  rainfall  about  1837, 
1847, 1858, 1866,  1875,  1882,  and  1890,  and  of  drought  in  1839,  1856, 
1863,  1871,  1878,  1886,  and  1895. 

A  comparison  of  the  two  curves  illustrates  the  fact  elsewhere 
referred  to  that  the  rainfall  over  a  region  so  large  as  the  United 
States  is  not  by  any  means  imiform  in  its  distribution.  Thus  the 
period  of  relatively  light  rainfall  in  New  England  during  1880-1883 
was  one  of  heavy  rainfall  in  the  Ohio  Valley  and  elsewnere  in  the 

S'eat  interior  valleys.  Likewise  in  1878  there  was  heavy  rainfall  in 
ew  England  and  light  rainfall  in  the  Ohio  Valley. 
In  New  England  J  where  deforestation  began  early  in  our  history  and 
has  been  extensive,  the  mean  of  the  fluctuations  in  the  rain  curve  is  a 
steady  rise  since  18S6  up  to  a  few  years  ago^  and  in  {he  Ohio  VaUey, 
where  the  forest  area  has  been  greauy  dirmmshedy  there  is  no  decrease 
of  rainfaU  shown  by  the  a/verage  of  the  fluctuations  of  the  curve.  These 
ntcts  are  important  and  can  not  be  successfully  oisputed. 

GOVERNMENT   BEOORDS    VERSUS    REOOLLEOTIONS   OF   OLDEST   INHABI- 
TANTS. 

It  is  the  duty  of  the  United  States  Weather  Bureau  to  publish 
information  witn  regard  to  climatic  conditions;  and  in  this  connec- 
tion I  would  call  particular  attention  to  the  fact  that  the  govenunent 
records  are  in  a  class  separate  and  distinct  from  the  recollections  of 
the  oldest  inhabitants,  which  are  entirely  imtrustworthy^  no  matter 
how  truthful  the  persons  intend  to  be.  These  recollections  do  not 
justify  the  claim  that  the  forests  have  increased  precipitation,  for  it  is 
idmost  the  universal  opinion  of  the  maturer  man  that  the  climate  is 
milder  and  that  the  snows  are  less  deep  than  when  he  was  a  boy.  He 
remembers  the  long  tramp  to  the  little  red  schoolhouse  in  snow  knee 
deep,  but  he  fails  to  take  mto  consideration  the  fact  that  a  snow  knee 
deep  to  a  boy  of  nine  years  of  age  is  no  inconvenience  to  a  man  of  six 
feet  two.  Human  recollection  can  only  recall  from  the  dim  past 
imusual  storms — conditions  that  were  abnormal,  and  these^  abnor- 
malties  are  what  the  man  of  fifty  or  sixty  years  to-day  believes  to 
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have  been  the  average  when  he  was  young.  In  other  words^  the 
individual  recollection  should  be  given  little  weight  in  detemuning 
a  matter  that  requires  careful  calculation  and  the  preservation  o? 
accurate  daily  records  before  anything  like  safe  conclusions  can  be 
reached. 

THE  EFFECT  OF  FORESTS  ON  FLOODS. 

I  have  always  held  to  the  opinion  that  the  cutting  away  of  forests 
has  had  little  or  ho  appreciable  effect  on  the  amount  of  precipitation 
or  on  the  general  temperature.  But  until  recent  vears  I  did  believe 
that  deforestation  had  an  important  and  beneficial  effect  on  the  con- 
servation; that  is,  on  the  economical  use  of  the  rainfall,  and  that 
forests  restricted  the  run-off.  But  study  and  investigation  have 
caused  me  to  modify  my  views. 

Professor  Abbe  says: 

The  cultivated  boU  outside  the  forest,  when  plowed  and  broken  open  down  to  a 
depth  of  8  inches,. acts  as  a  sponge  to  retain  water  quite  as  well  as  does  the  ordinary 
humus  of  a  forest,  especially  when  we  consider  that  under  a  forest  less  rain  actually 
enters  the  humus,  in  tact  such  measurements  as  have  been  made  show  that  the 
amount  of  water  that  is  eventually  given  up  from  the  forest  humus  varies  but  little 
from  that  given  up  in  the  course  of  time  by  the  imforested,  cultivated  soil.  The  total 
run-ofif  from  the  two  regions  does  not  eventually  differ  neatly,  but  it  does  differ  in  the 
speed.  However,  it  may  be  neither  the  amount  nor  tne  si>eed  of  run-off  from  the  soil 
tnat  determines  the  occurrence  of  river  floods.  We  must  distinguish  between  the 
soil  run-off  and  the  river  run-off.  When  water  has  once  entered  the  river  channel  its 
movements  are  determined  wholly  by  the  force  of  gravity,  the  curvature,  the  section, 
and  the  slope  of  the  channel.  Floods  may  occur  in  every  small  tributary  and  yet 
these  waters  may  so  enter  the  main  channel  as  to  produce  onlv  a  gentle  rise  through- 
out its  whole  length.  At  other  times  the  smaller  elementary  noods  may  conspire  and 
produce  a  specially  disastrotis  flood  in  the  main  channel.  Therefore  me  occurrence 
of  disastrous  floods  does  not  depend  on  rainfall  alone  or  wholly  on  soil  run-off ^  but 
equally  and  principally  on  the  relative  times  at  which  floods  occur  in  the  individual 
tnbutaries,  and  the  time  required  by  them  all  to  reach  and  combine  at  any  given 
point  in  the  main  channel. 

This  is  a  tangled  problem,  since  the  result  must  depend  upon  the 
slope  of  the  ground;  the  nature  and  condition  of  the  soil;  the  nature 
of  the  forest,  whether  deciduous  or  evergreen;  the  nature  of  the  gen- 
eral climate  of  the  place,  whether  it  has  cold,  snowy  winters  or  rainy 
ones,  and  whether  the  spring  merges  gradually  or  aoruptly  into  sum- 
mer; upon  the  use  or  treatment  of  the  cleared  surface;  and  probably 
upon  other  conditions. 

The  foresters  are  generally  in  accord  in  the  belief  that  the  forests 
exercise  a  marked  restraining  influence  on  floods  and  a  conserving 
influence  on  precipitation,  even  if  they  do  not  actually  increase,  by  an 
appreciable  amount,  the  rainfall.  On  the  other  side,  army  and  civilian 
engineers  and  meteorologists  generally  beUeve  that  the  broken, 
cmtivated,  permeable  soil,  which  is  covered  for  a  greater  portion  or 
each  year  with  millions  of  the  rootlets  of  growing  grasses  and  cereals, 
is  equally  as  good  a  conserver  of  the  raiiuall  as  the  forest  area  itself, 
even  though  me  latter  has  the  advantage  of  the  deep  boring  of  large 
roots  into  the  substratum;  that  the  evergreen  forests  prevent  the 
drifting  of  the  snow  and  at  the  same  time  their  heavy  foUage  protects 
the  snow  from  the  sun  and  permits  a  slow  melting,  which  is  all 
absorbed  by  the  forest  cover  until  it  is  saturated,  and  then  with  further 
heat  the  water  breaks  out  in  a  flood;  that  the  function  of  deciduous 
forest  trees  is  to  catch  the  falling  snow,  distribute  it  equally  over  the 
surface,  and  thus  facilitate  more  rapid  melting  by  causing  the  snow 
to  present  to  the  warm  air  a  greater  melting  sunace  than  it  does  in  the 
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open,  where  wind  drifts  it  into  banks  in  the  lee  of  opposing  obiects 
and  stores  it  in  depressions  and  ravines,  so  that  it  may  remain  tor  a 
considerable  time  after  the  evenly  distributed  blanket  has  disap- 
peared from  the  forests. 

It  has  been  shown  by  Chittenden  that  in  Yellowstone  Park  and 
similar  mountain  regions  the  forests  protect  the  snow  from  drifting, 
melting,  and  evaporating,  while  in  the  open  there  is  much  drifting 
and  an  earlv  clearing  up  of  those  places  well  exposed  to  wind  and  to 
sunshine;  tnerefore,  when  warm  weather  and  its  rain  come  on 
abruptly,  and  come  to  stay  for  the  summer,  as  they  do  in  those 
regions,  the  melting  of  the  snow  in  the  forests,  because  of  the  greater 
area  exposed,  the  surface  being  uniforiQly  covered,  is  far  more  rapid 
*  than  it  is  in  the  open  where  it  is  badly  drifted,  and  leads  to  higner 
freshets  and  less  enduring  run-offs.  On  the  whoUf  it  ia  proh(Me  that 
forests  have  little  to  do  vmk  the  height  ofjloods  in  main  trwutaries  and 
vrinciptil  streams,  since  they  occur  only  as  the  resuU  of  extensive  and 
heavy  rainsy  after  the  ground  is  everywhere  saturated,  or  when  heavy 
warm  rains  corns  on  the  top  of  deep  snows. 

RUN-OPP  AND  ABSOBFTION. 

Concerning  the  surface  run-off.  it  appears  to  be  generally  held  that 
when  the  ramfall  is  small,  the  aead  leaves,  the  moss^  the  tangle  of 
undergrowth,  and  the  like^  in  the  forests  may  modify  or  entirely 
prevent  flow,  and  may  shghtlv  intensify  low-water  conditions  of 
summer,  while  on  the  cleared  surfaces,  except  that  of  freshly-cultivated 
fields,  this  is  not  so  markedly  the  case.  Wnen  the  rains  are  heavy  and 
continued,  there  is  surface  flow  in  the  forests  as  well  as  in  the  open, 
and  the  two  do  not  materially  differ,  for  it  can  be  shown  that  the 
run-off  from  a  smooth  surface  and  from  one  covered  with  sticks, 
dense  grasses,  or  forest,  are  equal  after  the  rough  surface  becomes 
saturated,  and  it  is  long  after  atl  surfaces  have  become  saturated  that 
floodj(K)nditioiis  can  occur. 

Because  of  their  open,  porous  condition  sandy  soils  and  freshly 
plowed  fields  are  the  best  absorbers,  and  in  general  forest  ground  is 
thought  to  be  more  penetrable  to  moisture  than  is  that  of  the  cleared 
fields,  except  when  the  latter  are  freshly  broken,  but  the  ^ater  part 
of  the  cleared  land  is  either  broken  and  cultivated  several  times  dur- 
ing the  year  or  else  it  is  occupied  bj  vegetation  that  exercises  either 
partlv  or  wholly  as  great  a  conserving  influence  as  the  forest. 

All  of  these  problems  could  be  defiSdtely  settled  beyond  the  possi- 
bility of  argument  if  we  had  accurate  river  gaugings  from  day  to  day 
and  year  to  year,  together  with  a  full  knowlec^  of  the  rainfall  and 
of  the  proportion  of  the  wooded  to  cleared  areas,  data  that  unfor- 
tunately we  do  not  have.  We  must,  therefore,  reason  empirically 
from  the  best  information  at  hand,  and  this  insufficiency  of  data 
renders  less  positive  the  conclusions  of  all  investigators,  no  matter 
which  side  of  the  question  they  may  be  on. 

EFFECT  OF  FORESTS  ON  FLOODS  IN  FRANCE. 

An  important  contribution  to  this  discussion  was  made  in  1873  by 
Capt.  Charles  J.  Allen,  of  the  Engineer  Corps,  U.  S.  Army,  in  the 
translation  that  he  made  of  extracts  from  the  work  of  M.  f*.  Yallto, 
which  treats  of  the  influence  of  forests  on  floods  and  inimdatuma. 
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This  translation  contains  quotations  from  the  works  of  M.  Belgrand 
and  other  French  engineers,  who  had  made  the  hydrology  of  the 
basin  of  the  Seine  fk  special  study.  ^  Among  other  things  M.  Bel- 
grand  says: 

This  country  compriseB  all  or  part  of  21  Departmenta,  as  follows:  Aisae,  Ardennes, 
Aube,  Cote  d^Or,  £ure,  £ure-et-Loire,  Loiret,  Mame,  Haute-Mame,  Nievre,  Nord. 
Oise,  Pas-de-CalaiSj  Seine,  Seine-Inferieure,  Seine-etrMame,  Somme,  Vosges,  ana 
Yonne,  and  compnsee  an  area  of  about  107,000  square  kilometers,  nearly  equal  to 
the  fif in  part  of  the  area  of  country  comprising  the  86  Departments. 

The  most  irregular  streams,  those  most  subject  to  rapid  rises,  are  found  especially 
in  the  Departments  of  the  Yonne,  Nievre,  and  Cote  d'Or,  and  to  a  less  extent  m  those 
of  the  Auoe,  Haute-Mame.  and  Aisne.  This  region  is  very  woody,  more  so,  perhaps, 
than  the  rest  of  France .  Tne  most  remarkable  Departments  in  regard  to  the  regularity 
of  the  water  courses  which  rise  within  them  are  tne  Euro,  £ure-et-Loire,  Nora,  Oise, 
Pas-de-Calais.  Seine-lnferieure,  Somme,  the  chalkv  parts  of  the  Aube  and  of  the 
liame,  and  tnose  portions  of  the  Seine-et-Oise  and  Loiret  in  which  the  limestones  of 
La  Beauce  abound.  The  majority  of  the  streams  in  these  countries  are  subject  to 
slight  rises  of  short  duration,  their  stage  of  water  varying  but  little.  This  group  of 
Departments  is  perhaps  one  of  the  most  sparsely  wooded  in  France,  because  the  Euro, 
Euie-et-Loire,  Nord,  Oise,  Pas-de-CalaiB,  Seine-lnferieure,  and  ^e  Sonune  have 
onlv  about  one-tenth  of  their  surface  wooded,  and  the  plateaus  of  I^a  Beauce  and  the 
chalky  plains  of  Champagne  are,  if  we  except  some  recent  plantations  of  pine,  com* 
pletely  Dare  of  trees. 

In  order  to  test  the  question  as  to  the  effect  of  forests  in  regulating  the  flow  of  water 
If.  Belg^nd  had  daily  measurements  made  from  November,  1850,  to  May,  1853,  of 
the  discharges  of  the  Cous«in  and  of  the  Grenetierre,  which  is  one  of  its  affluents.  Both 
of  these  basins  are  of  mnite  formation,  impermeable  and  otherwise  alike,  but  the 
first  is  only  about  one-third  wooded,  while  the  second  is  entirelv  covered  with  trees. 
Notwithstanding  this  great  difference  as  regards  the  extent  oi  forests  in  each,  the 
results  have  been  the  same  in  both,  as  is  shown  bv  the  following  accoimt: 

"  The  regimen  of  each  is  identically  the  same,  although  their  valleys  are  unequally 
wooded.  Their  waters  rise  and  fall  at  the  same  rate,  wnether  in  rainy  weather  or  in 
dry,  in  winter  or  in  summer;  their  low  winter  regimen  is  more  abundant  than  that 
of  summer. 

"A  heavy  rain  in  winter  produces  in  both  a  sudden  flood  of  greater  or  less  height, 
but  of  verv  short  duration,  followed  by  a  long  stage  of  tolerably  high  water;  the  sudden 
and  high  freshets  take  place  in  each  at  the  same  time.*' 

The  different  details  concerning  the  flow  of  water  are,  then,  exactly  the  same  in 
the  two  basins,  and  yet  one  is  entirely  covered  with  forests,  wnile  in  the  other  two- 
thhds  is  bare  of  trees.  M.  Belgrand  has  made  a  number  of  more  detailed  observations 
yet,  which  show,  further,  that  it  is  not  upon  forests  but  upon  cultivated  ground  that 
the  greatest  regularity  in  flowage  is  observed.    *    *    * 

In  Vallds's  paper  he  quotes  from  a  report  on  the  basin  of  the  Eure 
made  by  M.  St.  Clair,  engineer  in  chief,  showing  the  beneficial  effects 
of  cleared  and  cultivated  lands  in  diminishing  by  absorption  the 
amount  of  surface  water,  as  follows:    ' 

All  the  vallejrs,  even  those  of  least  extent,  are  cut  up  by  ravines  which  were  often 
formerly  the  beds  of  torrents.  Within  the  last  twelve  years  the  condition  has  changed ; 
they  are  now  almost  always  dry.  The  cause  of  this  peat  change,  the  profyrress  of  agri- 
ciQture,  is  generally  recognized  in  the  country.  The  soil  has  been  cultivated  more 
and  rendered  more  permeable;  the  farmers,  reaping  more  advantages  &om  the  culture 
of  the  ground,  and  fully  aware  of  the  utility  of  improving  it,  have,  by  means  of  ditches, 
hedges,  and  endikements  properly  located,  controlled  the  flow  of  water  everywhere, 
preventing  erosion,  causing  fertiUzinff  deposits  of  sediment,  and  relievingthe  surfiice 
of  the  eround  from  the  asperities  which  interfered  with  culti^'ation.  The  waters, 
retarded  thus  in  their  flow,  have  settled  in  great  part  through  the  ground  and  disap- 
peared helow  reaching  the  ravines. 

Thera  agricultural  improvements,  in  a  countrv  where  land  susceptible  of  cultiva- 
tion, amounts  to  sixty-one  one-himdredths  of  the  area  of  the  country,  have,  then, 
reduced  the  surface  flowage  and  increased  the  absorption. 

oAnnales  des  Fonts  et  Ghauasees,  annee  1852,  premier  semestre,  p.  102. 
26320—10 2 


18       THB  INFLTTENOB  OF  F0BEST8  ON  GLIMATB  Ain>  ON  FIX>OD6. 


They  have  rendered  lees  freouent  and  formidable  the  freehetn,  which,  in  the  htiebk 
of  the  Eure,  are  to  be  attributed  to  an  excess  of  eur&M^e  water  rather  than  to  any  supply 
from  spring^,  which  latter  is  almost  always  invariable. 

The  effect  upon  springs  of  cutting  down  forests  can  now  be  easily  eliminated.  We 
will  divide  them  into  two  classes,  viz,  superficial  and  subterranean. 

The  first  issue  from  the  points  of  the  sur&kre  very  near  to  the  strata  in  which  the 
waters  which  produce  them  collect.  The  second,  on  the  contrary,  are  found  very  for 
below  these  strata,  and  the  water,  in  order  to  find  an  outlet,  traverses  frequently  long 
distances  underground. 

The  first,  gener&Uy  small,  pertain  indifferently  to  absorbent  or  nonabeorbent ground ; 
but  the  second,  occasionally  very  powerful,  pertain  essentially  and  almost  excfusively 
to  permeable  soils. 

Now,  it  is  indisputable  that  the  continual  humidity  of  the  soil  of  forests  is  fovorable 
to  the  first  and  ought  to  maintain  in  their  feeble  flow  considerable  regularity.  It  is, 
then,  very  likely  that  the  clearing  away  of  forests  and  exposing  the  earth  to  altematioDs 
of  drought  and  moisture  would  alter  the  regimen  of  these  springs;  that  these  would 
be  more  abimdant  in  time  of  rain;  that  thev  would  decrease  in  summer  and  possibly 
be  dry  for  several  months  in  the  year.  This  explains  the  disappearance  of  certain 
springs  after  the  catting  down  of  forests. 

As  r^ards  the  secona  group,  which  are  plentifully  supplied  by  infiltration  through 
the  permeable  soils,  it  is  different. 

From  the  different  manner  in  which,  as  regards  absorption,  wooded  and  cultivated 
soils  act,  we  see  that  in  the  first  this  faculty  is  in  ereat  part  destroved,  while  in 
the  second  it  is  increased.  To  remove  standing  timber  from  permeable  soils  is  to 
restore  to  them  the  facility  of  transmitting  the  waters  which  the  forest  vegetation, 
whether  by  tiie  spreading  of  its  roots,  by  the  foil  of  leaves,  or  hy  the  compactness  of 
the  soil,  Kad  taken  from  them,  and  it  results,  consequently,  in  a  more  abundant 
supply  of  water  to  the  subterranean  springs. 

T1)us,  it  is  worthy  of  remark  that  the  most  abundant  of  all  of  them,  especially  in 
seasons  of  low  water,  are  located  beneath  the  vast  ledges  of  limestone  which  are  almost 
entirely  denuded ;  for  instance,  those  of  Oahors  and  Louysse,  in  the  department  du  Lot, 
and  the  fomous  fountain  of  Vaucluse,  of  which  mention  has  already  been  made. 

M.  Belgrand  further  says : 

Now  these  basins,  so  remarkabl^r  alike,  we  have;  they  are  those  of  the  Seine  in 
the  seventeenth,  eighteenth,  and  nineteenth  centuries.  Everything  in  these  is  alike 
excepting  the  extent  of  the  forests,  which  has  steadily  decreased,  so  that  if  we  were 
in  possession  of  adeauate  information  of  some  exact  measurements  of  the  greatest 
inundations  during  tne  time  specified,  we  could  easily  test  the  correctness  of  our 
theories. 

In  fact,  observations  of  this  nature  have  been  made;  they  go  back  to  1615,  about 
the  time  when  French  industry  began  to  develop,  and  when,  consequently,  the  felling 
of  timber  to  a  great  extent  commenced. 

This  places  at  our  disposal  an  interval  of  five  half  centuries. 

In  a  memoir  published  in  1814  by  the  engineer  Egault,  these  observations  were 
compiled,  discussed,  and  arranged  with  reference  to  the  heiehts  of  the  most  marked 
inundations.  We  add  to  the  results  colfoted  by  them  those  wnich  have  been  obtained 
since  his  time  and  give  them  in  thefoUowing  table: 


Dates  of  the  Innndatloos. 


Height  at 

the  bridge 

ofLaTour- 

neUe. 


ICeui 
half 
tory 


July  11, 1615 

January,  1040 » 

January,  1661 

March  1.16K8 

March,  lew 

March,  1711 

December  25. 1740 

January,  1751 

NoTember  14, 1764 

Mardi4,1784 

February  4, 1790 

January  S,  1602 

March  S.1M7 

May,18M 

February,  1660 

■  ■  -    ■ 


Feet. 
20.00 
25.10 
26.50 
28w87 
24.61 
24.77 
25.02 
21.08 
22.07 
21.86 
22.87 
24.44 
91.66 
18.66 
10.01 


37. 6S 
36.96 


83.48 


SLSi 
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The  deductions  from  this  table  are  strikiiig.  The  continued  decieaae  of  the  floods 
for  each  half  century  is  remarkable.  The  waters  attained  a  mean  height  of  27.53 
feet  in  the  first  half  of  the  seventeenth  centurv;  they  only  attained  a  mean  of  21.22 
feet  in  the  present.  According  to  this,  we  have  experienced  an  amelioration  of 
nearly  6.56  reet,  and  yet  the  trees  have  been  steadily  and  unceasingly  cut  down, 
and  the  forests  transformed  into  cultivated  farms. 

What  would  we  gain,  then,  to-day,  I  ask,  in  rewooding  our  field?  It  would  be 
but  an  unfortunate  attempt  to  restore  the  old  order  of  things,  when  the  floods  of  the 
Seine  rose  to  29.53  feet  above  the  low  stage. 

In  connection  with  the  conclusions  reached  in  this  report,  as  well 
as  with  regard  to  those  reached  by  the  foresters  and  others  wno  differ 
from  my  views,  I  would  emphasize  the  fact  that  none  of  us  have 
flood  data  extending  over  any  great  period  of  time,  but  in  Europe 
we  fortunately  have  some  long-perioa  observations.     The  preceding 

Sages  show  the  result  of  observations  made  by  conrpetent  engineers 
uring  two  and  one-half  centuries  in  the  basin  or  the  Seine,  and 
show  that  there  has  been  a  gradual  and  constant  decrease  in  the 
height  of  floods  with  the  diminution  of  forests. 

d  Oermanv  another  long-period  record  is  presented.  Mr.  Ernest 
Lauder,  chief  of  the  hydrographic  bureau  of  the  Austrian  Govern- 
ment, recently  made  an  ejmaustive  investigation  of  the  records  of 
the  Danube,  the  great  river  of  central  Europe.  He  prepared  an 
exhaustive  report  on  the  destructive  floods  in  the  Danube  that 
occurred  in  1897  and  1899,  and  in  this  report  traces  the  history  of 
the  floods  of  the  Danube  for  ei^ht  hundred  vears,  taking  into  account 
125  different  floods.  His  conclusions  are  that  progressive  deforesta- 
tion of  the  country  has  had  no  effect  in  increasing  the  frequency  of 
floods  or  in  augmenting  their  height.  Amonj?  other  things  he  showed 
that  the  flood  of  1899,  which  was  a  summer  flood,  was  severest  where 
it  came  from  the  heavily  wooded  districts. 

Much  has  been  written  about  the  barren  condition  of  the  valley 
of  the  Jordan,  in  the  Holy  Land,  and  it  is  pointed  out  that  great 
cities  and  teemmg  populations  once  covered  the  regions  now  barren: 
but  this  does  not  prove  that  if  there  has  been  a  decrease  in  the  rainfall 
it  is  due  to  deforestation,  for  everywhere  in  this  region  are  evidences 
of  extensive  irrigation  that  was  practised  at  the  time  this  region 
was  thickly  populated.  The  date  palm,  the  vine,  and  the  fig  tree 
will  grow  there  as  luxuriantly  to-day  aa  in  the  old  Biblical  days,  if 
artificial  irrigation  is  used,  as  was  formerly  done.  It  is  not  believed 
that  the  cutting  of  the  cedars  of  Lebanon  has  had  anything  to  do 
with  the  dryn^  of  the  adjacent  regionn.       .      .  . 

At  the  tenth  Litemational  Congress  of  Lrigation,  held  at  Milan 
in  1905,  papers  were  presented  by  representatives  from  France, 
Germany,  Italy,  Austria,  and  Russia,  in  which  the  writers  heartily 
favored  the  protection  of  the  forests  and  their  cultivation.  But 
these  writers  were  unanimous  in  the  opinion  that  forests  exercise 
little  influence  upon  either  the  high  water  or  the  low  water  of  rivers. 

In  this  connection  I  will  quote  from  Col.  H.  M.  Chittenden,  M.  Am. 
Soc.  C.  E.,  volume  34,  page  944,  Proceedings  of  the  Society  of  Civil 

Engineers,  as  follows: 

• 

The  constantly  reiterated  statement  that  floods  are  increasing  in  frequency  and 
intensity,  as  compared  with  former  times,  has  nothing  to  support  it.  There  are,  it  is 
true,  periods  when  floods  are  more  freauent  than  at  others,  and  hasty  conclusions 
are  always  drawn  at  such  times;  but,  taking  the  records  year  after  year  for  consider- 
able periods,  no  change  worth  considering  is  discoverable.  The  explanation  of  these 
periods  of  high  water,  like  the  one  now  prevailing,  must,  of  course,  oe  sought  in  pre- 
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cipitatian.  That  is  where  flooda  come  from,  and  it  is  very  strange  that  those  who  aie 
looldng  so  eagerlv  for  a  cause  of  these  floods  jump  at  an  indirect  cause  and  leave  the 
direct  one  entirely  untouched.  In  the  records  of  precipitation,  wherever  they  exist, 
will  be  found  a  full  and  complete  explanation  of  every  one  of  Uie  floods  that  have 
seemed  unusually  frequent  and  severe  in  recent  years. 

THE   SOUBGE   OF  FLOOD  WATEB8   IN  THE   UNITED   STATES.  • 

Before  one  can  ^et  a  comprehensiye  idea  of  the  magnitude  of  the 
problem  involved  m  the  creation  of  the  floods  of  the  United  States, 
it  will  be  necessary  for  him  to  first  study  chart  A,  which  gives  a 
typical  illustration  of  the  cyclonic  storms  that  frequently  form  on 
tne  Rocky  Mountain  Plateau^  either  on  its  northern,  central,  or 
southern  portions.  Under  the  influence  of  gravity  air  flows  from 
regions  where  the  pressure  is  great  toward  the  regions  where  it  is  less. 
In  the  case  illustrated  by  this  chart  the  atmosphere;  as  indicated  by 
the  direction  in  which  the  arrows  point,  is  flowing  from  the  region 
marked  "high,"  which  is  central  over  the  Carolinas,  toward  the 
region  where  the  pressure  is  low,  which  is  central  over  Montana, 
and  the  vaporous  atmosphere  that^  rises  from  the  Gulf  of  Mexico 
and  the  adjacent  ocean  is  carried  far  into  the  interior  of  the  continent. 
Conditions  similar  to  these  occur  many  times  each  month,  and  as 
a  result  the  eastern  and  central  portions  of  the  United  States  are 
bathed  in  a  succession  of  rains  which,  as  shown  by  chart  B,  gradually 
thin  out  and  largely  disappear  on  the  eastward  edge  of  the  Rocky 
Mountain  Plateau,  because  the  currents  of  air  from  the  Gulf  of 
Mexico  do  not  reach  farther  inland. 

STATEMENT   BY  MR.    BAILEY   WILLIS. 

In  the  May  issue,  1909,  of  the  magazine  entitled  "Conservation," 
page  2G2,  Mr..  Bailey  Willis  makes  the  statement: 

The  moisture  which  falls  upon  North  America  in  the  form  of  rain  and  snow  comes 
chieflv  from  the  Pacific  Ocean.  A  smaller  proportion,  rising  &om  the  Gulf  of  Mexico 
and  the  West  Indian  seas,  falls  upon  the  eastern  United  States. 

It  is  true  that  chart  B,  giving  the  normal  annual  precipitation 
indicates  that  the  Pacific  Ocean  nimishes  precipitation  that  is  heavy 
alon^  the  immediate  coast,  but  that  it  is  tne  principal  source,  as  Mr 
Willis  says,  of  the  moisture  that  f  alls'upon  the  North  American  Con- 
tinent, is  not  borne  out  bv  the  facts  exhibited  by  the  precipitation 
chart  herein  produced  and.  by  the  inflowing  currents  of  air  mat  are 
shown  on  chart  A. 

The  range  of  mountains  on  the^  Pacrflc  coast  intercepts  the  inflow 
of  the  vaporous  atmosphere,  which  is  comparativelj:  shallow,  and 
precipitates  its  aqueous  vapor  on  the  windward  sidepf  the  range, 
and  mainly  on  the  north  half  of  the  windward  side,  because  storms 
seldom  enter  from  the  southern  half.  To  be  sure,  somepf  the  scant 
precipitation  that  falls  on  the  plateau  does  drift  over  the  tops  of 
these  mountains,  but  the  amount  is  small.  Certain  it  Js  that  the 
Pacific  Ocean  has  little  influence  on  the  precipitation  'of  t^e  eastern 
half  of  the  United  States,  which  fact  is  well  understood  by  Jtneteorolo- 
rists;  and  I  believe  that  most  of  them  will  join  me  in  the  beUef  that 
tne  only  way  that  man  could  materially  affect  the  rainfall  of  the 
eastern  naif  of  the  United  States  would  be  to  erect  a  moimt/ain  barrier 
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10,000  feet  high  skirting  the  Gulf  and  South  Atlantic  coasts.  Of 
course  this  is  impossible,  but  if  nature  had  erected  it  there  would  be 
no  question  about  iSoods  in  the  Ohio  and  the  Mississippi  rivers  and 
their  tributaries,  for  there  would  be  neither  rivers  nor  tributaries- 
just  as  on  the  Pacific  coast,  the  rain  would  fall  on  the  ocean  side  or 
the  mountains,  and  the  world's  greatest  granary  would  be  a  barren 
waste. 

Prof.  Frank  H.  Bigelow,  on  page  17  of  A  Manual  for  Observers  in 
Climatology  and  Evaporation,  says: 

All  this  distribution  of  the  general  circulating  currents,  and  the  consequent  pre- 
cipitation, would  occur  whether  there  were  forests  or  not  growing  on  the  land  masses. 
It  may  be  proper  to  say  that  the  forests  follow  the  precipitation  and  do  not  precede  it. 

There  can  be  no  Question  but  that  the  action  of  the  sun  on  the 
waters  of  the  Oulf  ot  Mexico  and  the  adjacent  ocean  heavily  char;^ 
the  air  with  water  yapor,  and  that  tnis  vaporous  atmosphere  is 
carried  inland  by  the  circulation  of  the  air  in  such  storms  as  are 
described  in  a  preceding  paragraph  and  illustrated  on  chart  A,  and 
that  the  effect  is  shown  on  chart  B  in  the  form  of  heavy  precipitation 
in  the  region  of  the  Gulf,  which  gradually  shades  away  toward  the 
Rock^  Mountains. 

It  IS  therefore  apparent  that  the  precipitation  that  causes  floods 
in  the  eastern  half  of  the  United  States  is  from  the  aqueous  vapor 
that  is  raised  up  from  the  vast  waters  to  the  south  and  southeast  of 
our  continent,  and  that  the  supply  is  inexhaustible.  Our  rainfaUj 
then,  is  the  resuU  ofsuchfundameniauy  great  causes  as  not  to  be  appre- 
ciably affected  by  the  planting  or  cutting  away  afforests,  or  by  any  of 
the  operations  of  man  in  changing  the  chara^er  of  the  surface  covering 
of  the  continent,  although  to  statistically  and  positively  settle  the 
question  beyond  the  possibility  of  argument  it  would  be  necessary 
to  have  scientific  data  of  temperature,  rainfall,  and  the  height  of 
rivers,  beginning  at  the  first  settlement  of  the  continent  and  con- 
tinumg  through  to  the  present  time.  Such  records,  of  course,  are 
not  in  existence.  But  the  fundamental  fact  that  the  precipitation 
of  the  United  States  is  due  to  the  great  hemispherical  cumulation  of 
the  air,  and  to  the  relation  of  the  great  bodies  of  water  to  land,  and 
the  direction  of  the  vaporous-bearing  currents,  and  the  trend  of 
mountain  systems  is  something  that  can  be  positively  shown. 

Mr.  Willis  further  says,  in  the  same  issue  of  Conservation,  page 
265,  that: 

The  mountains  are  wet  becauBe  they  are  high,  and  they  are  heavily  forested  because 
they  are  wet.  But  there  is  also  a  reciprocalaction  of  the  forests  on  the  wetness,  for 
the  radiation  from  the  dark-green  expanse  is  comparatively  uniform  and  promotes 
frequent  and  steady  rains.  Were  the  mountains  oare  they  would,  like  the  bared 
sierras  of  Spain,  receive  occasional  but  violent  downpours  and  send  down  excessive 
and  disastrous  floods,  even  more  disastrous  than  now.  *  *  *  For  in  so  far  as  we 
clothe  the  surface  with  green  crops  we  lower  the  temperature  of  the  rising  air  and  favor 
precipitation  on  the  verdure-covered  plain. 

It  would  be  difificult  to  either  confirm  or  disprove  this  statement 
of  Mr.  Willis.  Certain  it  is  that  the  rain  is  precipitated  largely  from 
air  masses  that  exist  at  a  considerable  distance  from  the  surface  of 
the  earth,  and  that  the  influence  that  Mr.  Willis  describes  is  in  a 
thin  stratum  of  air  close  to  the  earth.  Rarely  is  this  stratum  satu- 
rated^ even  during  the  fall  of  rain.  If,  then,  the  processes  that  he 
describes  do  not  bring  the  air  to  the  saturation  point,  and  if  the 
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f)recipitation  occurs  in  the  regions  above  those  affected  by  these 
ocal  surface  conditions,  I  am  unable  to  gpe  how  the  rain  can  be 
either  increased  or  decreased  in  its  amount.  Certain  it  is  that  most 
of  the  leading  meteorologists  of  the  world  are  of  the  opinion  that  the 
rainfall  on  continents  is  caused  by  the  fundamentally  great  operations 
of  nature  as  described  above. 

EROSION. 

Another  effect  of  deforestation,  that  of  erosion,  is  of  impoitanoei 
but  of  imequal  importance  in  different  sections.  In  level  countries 
it  makes  but  little  difference  in  this  particular  whether  the  ground 
is  waste,  cultivated,  or  densely  forestea,  while  in  hilly  or  mountainoua 
sections  the  result  is  different.  When  the  soil  becomes  well  sodded 
with  grass,  erosion  is  little  worse  in  fields  than  in  the  woods,  but 
usualfy  the  fields  are  cultivated  from  time  to  time,  and  occasions 
come  when  the  best  of  care  and  cultivation  can  not  prevent  the 
formation  of  bad  guUies  that  injure  both  the  gulUed  fields  and  those 
of  the  lower  grounds  that  are  overflowed. 

Of  course,  though,  a  field  with  an  occasional  wash  jdelds  more 
food  material  than  the  same  area  covered  by  a  forest  of  any  kind, 
so  that  only  in  exceptional  cases — those  in  which  erosion  would 
probably  be  unavoidaole  and  ruinous — is  this  a  sufficient  argument 
against  clearing  away  the  woods  and  the  planting  of  crops  m  their 
stead,  for  the  hme  is  come  when  we  should  not  only  increase  the  yield 
per  acre  by  wise  rotation  of  crops  on  cyMvated  ground,  hut  clear  up  and 
seed  to  wheat,  com,  grass,  ana  fruits  millions  of  a^res  that  now  he  idle 
under  brush  or  forest.  In  other  words,  every  acre  that  will  grow  food 
for  the  people,  and  thereby  reduce  its  cost^  and  furnish  sustenance 
for  our  mcreasing  population  and  the  teeming  millions  that  are  on 
the  way  to  these  snores,  should  be  so  employed;  the  remainder  should 
grow  timber  that  should  be  protected  in  its  growth.  Man  and  beast 
love  the  cooling  shade,  and  the  eye  is  pleased  by  the  beauty  of  the 
wooded  landscape.  Therefore  begin  with  the  cluldren  and  teach 
them  to  plant  trees  along  the  hi^hwavs  and  byways  and  on  the  barren 
spots  that  will  not  produce  food.  Thus  may  we  approach  this  prob- 
lem rationally,  with  the  object  of  gaining  the  greatest  good  for  the 
greatest  number  for  the  longest  period  of  time. 

BATIO  OF  THE  FORESTED  AREA,  OB  MOUNTAIN  WATERSHEDS,  TO  THX 

TOTAL  WATERSHED. 

I  am  of  the  opinion  that  not  enough  consideration  has  been  given 
to  the  relative  magnitude  of  the  areas  involved  in  the  creation  of 
floods.  A  flood  in  any  given  stream  is  usually  caused  by  the  pre- 
cipitation over  its  entire  watershed  or  over  those  of  the  major  tnbu- 
taries  and  is  affected  but  comparatively  little  in  a  region  like  that 
of  the  Ohio  basin  by  the  precipitation  over  the  extreme  upper  reaches, 
usually  the  forested  area,  or  any  other  area  that  could  be  reforested 
without  seriously  encroaching  upon  the  rich  alluvial  plains. 

A  critical  examination  of  Chart  C,  which  shows  the  entire  river 
system  of  the  Ohio  basin  and  gives  the  exact  limits  of  its  bound- 
aries, and  which  also  indicates  the  elevations,  shows  what  a  compara- 
tively small  area  in  relation  to  the  total  catchment  basin  lies  at 
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elevations  of  more  than  1,000  or  1,500  feet  above  sea  level.  This 
chart  furnishes  a  conclusive  answer  to  those  who  beUeve  that  floods, 
except,  of  course,  torrents  in  the  mountain  creeks,  are  caused  by 
the  precipitation  on  the  comparativelv  small  area  of  the  water- 
sheds at  the  headwaters  of  nvers.  If  it  be  granted  that  forests 
control  the.  flow  of  streams,  and  I  doubt  that  they  do  exce{)t  as 
stated  abovCj  it  will  be  necessary,  in  order  to  have  an  appreciable 
effect  on  navigable  or  other  important  rivers,  to  reforest  areas  manv 
times  in  excess  of  anything  that  so  far  have  been  contemplatedf. 
The  rugged  mountain  slopes  and  tops,  where  land  ha^  little  vatuey  are 
unimportant  a^  flood  producers.  It  will  he  necessary  a^uaUy  to  reforest 
the  lower  slopes  and  vaUeys  where  the  land  is  ofgreai  value  and  where 
it  should  he  devoted  to  agricultural  purposes.  1  can  not  escape  this 
conclusion. 

ABE   FLOODS   INCBEASINOY 

Two  papers  have  recently  appeared,  in  both  of  which  the  argu- 
ment is  made  that  there  is  a  marked  tendency  toward  increasmg 
flood  frequency  as  a  result  of  deforestation.     The  first  of  these 

Sapers  in  point  of  time  was  that  of  Mr.  M.  O.  Leighton,  Chief  Hy- 
rographer  United  States  Geolo^cal  Survev."  Tne  second  paper 
appeared  in  volume  2,  Senate  Document  No.  676,  beginning  at 
page  112.  and  later  as  Forest  Service  Circular  No.  176,  January  11, 
1910,  xmaer  the  signatures  of  Afr.  WilUam  L.  Hall,  Assistant  Forester, 
and  Mr.  Hu  Maxwell,  expert. 

Before  entering  upon  a  discussion  of  these  papers  I  wish  to  draw 
attention  to  the  rollowing  statement  in  the  last-named  paper,  page  3 : 

*  *  *  Both  the  Geological  Survey  and  the  Forest  Service  heme  secured  datafi 
and  the  results  wairant  the  statement  that  unmistakably  floods  are  steadily  on  the 
increase  in  some  of  our  most  important  rivers. 

I  wish  to  remark  in  c6nnection  with  this  statement  that  substan- 
tially all  of  the  data  used  by  the  authors  of  the  papers  above  men- 
tioned were  drawn  from  the  records  of  the  United  States  Weather 
Bureau.*' 

In  WateivSupply  Paper  No.  234  the  author  has  made  a  dia^ammatic 
arrangement  or  data  composed  of  annual  and  decenmal  means, 
wherebv  he  shows  an  apparent  progressive  increase  in  the  number 
of  flood  days  at  Wheeling,  W.  Va.,  and  other  points,  withbut  a  pro- 
portionate increase  in  the  amount  of  precipitation.  It  appears  to 
me  that  his  argument  is  defective  in  at  least  two  particulars. 

First.  The  flood  or  danger  stage  of  the  rivers  at  the  various  places 
discussed  by  him  was  long  ago  fixed  by  the  Weather  Bureau  as  being 
at  the  point  where  the  nver  either  overflows  its  banks  or  damages 
property  adjacent  thereto.  Mr.  Leighton  has  disregarded  these 
points  and  arbitrarily  assimied,  for  the  purpose  of  his  discussion,  a 

a  Report  of  National  Conservation  Commission,  p.  95,  and  Water-Supply  Paper 
No.  234. 

ft  The  italics  are  mine.    (Author.) 

«In  Water-Supply  Paper  No.  234  the  impression  seems  to  be  given  that  the  author's 
researches  and  conclusions  are  based  on  a  consideration  of  river  discharge  measure- 
ments. It  is  proper  to  state  that  river  discharge  measurements  were  begun  under  the 
direction  of  the  United  States  Geological  Survey  in  1896  and  that  gauge  readings  of 
heights  of  rivers  were  hegun  by  the  United  States  Signal  Service,  now  Weather  Bureau, 
in  1874. 
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considerably  lower  stage  in  each  case,  so  that  his  argument  fails 
completely  so  far  as  it  relates  to  flood  frequency;  for  example,  at 
Wheeling,  W.  Va.,  he  assumes  a  stage  of  20  feet,  whereas  the  Ohio 
at  that  point  is  not  in  flood  until  a  stage  of  36  feet  is  reached.  What 
the  author  is  discussing  is  therefore  not  floods  as  such,  but  moderate 
stages  of  the  river. 

What  appears  to  me  to  be  a  second  defect  in  the  author's  argument 
lies  in  his  acceptance  of  the  total  number  of  so-called  flood  days 
(20  feet  or  more  being  a  day  of  flood)  divided  by  the  annual  pre- 
cipitation as  an  indication  of  flood  intensity,  since  the  annual  rain- 
fall, as  he  himself  acknowledges,^  bears  Httle  or  no  relation  to  floods. 
Greater  floods  mav  occur  during  a  year  of  deficient  precipitation 
than  during  one  of  excessive  annual  precipitation  if  the  proper  pro- 
portion of  the  rainfall  be  concentrated  over  a  limited  area  m  a 
limited  time. 

An  examination  of  the  data  for  Chattanooga,  Tenn.,  given  by  that 
author,  discloses  the  fact  that  there  has  not  Been  any  increase  m  the 
number  of  so-called  flood  days  at  that  place.  The  average  amount 
of  precipitation  for  each  daify  river  stage  of  20  feet  or  more,  as  de- 
termined by  him,  is  almost  exactly  the  same  for  the  two  periods, 
1884  to  1895  and  1896  to  1907,  inclusive.  But  in  the  number  of 
actual  flood  days,  as  determined  by  Professor  Frankenfield,  the 
official  in  charge  of  the  Weather  Bureau  river  and  flood  service, 
that  is,  33  feet  or  over  (and  the  river  does  not  reach  the  danger  or 
flood  stage  until  it  stands  33  feet  above  low  water),  there  was  a 
consideraole  decrease  in  the  second  period,  in  harmony  with  the 
precipitation. 

I  understand  that  when  Mr.  Leighton  speaks  of  ''the  ratio  of  the 
annual  number  of  days  of  flood  to  annual  precipitation,"  he  means 
the  number  of  days  (stage  above  20  feet)  in  each  year  divided  by  the 
total  precipitation  for  the  year.  Thus,  if  the  numoer  of  flood  days  in 
any  one  year  is  20,  and  the  total  precipitation  is  40  inches,  the  ratio 
would  be  20  divided  by  40,  or  0.5.  These  ratios  are  totsded  in 
eleven-year  periods  and  the  average  of  each  period  obtained.  The 
average  for  the  first  eleven  years^  as  obtained  oy  him,  was  0.38,  and 
of  the  second,  0.48,  indicating,  m  his  opinion,  an  increase  in  flood 
intensity  during  the  second  eleven-year  period,  as  1  inch  of  rain 
made  oily  0.38  of  a  flood  during  the  first  period,  while  in  the  second 
period  1  mch  of  rain  made  0.48  of  a  flood.  In  other  words,  during 
the  first  eleven-year  period  1  inch  of  rain  made  only  38  per  cent  ot 
20  feet  of  water,  or  7.6  feet;  while  during  the  second  penod  1  inch 
of  rain  made  48  per  cent  of  20  feet  of  water,  or  9.6  feet. 

This  line  of  reasoning  leads  to  wrong  conclusions,  as  it  is  certain 
that  the  ratios  obtained  by  dividing  the  number  of  days  that  a  cer- 
tain gage  reading  was  reached  or  maintained  by  the  annual,  or  for 
that  matter  by  any  other,  precipitation,  without  entering  into  the 
problem  the  exact  height  of  water  gives  a  meaningless  result.  It 
appears  to  me  to  be  a  ratal  method  of  reasoning  to  take  simply  the 
number  of  days  that  a  stage  of  20  feet  was  reached,  without  regard 
to  heights  above  20  feet.  Therefore,  if  on  a  certain  number  of  davs 
the  gage  reading  was  exactlv  20  feet,  one  would  get  precisely  tne 
same  quotient  as  he  would  if  on  the  same  number  of  dkys  the  gage 
readings  were  largely  in  excess  of  20  feet. 

a  Page  22,  Water-Supply  Pftper  No.  234. 
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I  now  come  to  tliat  part  of  the  discussion  in  Water-Supply  Paper 
No.  234  which  has  been  ¥ddel]r  quoted  by  the  adherents  of  the  forest- 
control  idea,  viz,  the  proposition  that,  although  the  flood  periods  in 
the  Tennessee  have  decreased  in  later  years  due  to  diminished  pre- 
cipitation, the  flood  tendencies  have  increased.  This  idea,  like 
otners  that  have  been  put  forward  in  this  connection,  is  important 
if  it  can  be  substantiated;  and  if  it  is  proven,  then  it  is  iucumbent 
upon  the  author  of  that  paper  to  show  that  the  increase  is  due  to 
deforestation,  which  he  does  not  do.  '  I  have  no  data  as  to  the  area 
that  has  been  cleared  or  that  has  been  allowed  to  revert  to  forests, 
but  it  can  not  be  great  in  twelve  years. 

This  whole  matter  of  the  influence  of  forests  upon  climate  and 
floods  is  so  important  to  the  nation  in  planning  a  correct  economic 
policy  for  the  future  that  we  should  move  cautiously  and  be  sure 
that  we  are  building  safely  and  wisely.  I  am  heart  and  soul  with 
the  noble  men  and  women  who,  as  individuals  or  collectively,  are 
striving  to  protect  and  conserve  in  the  interests  of  the  whole  people 
the  nation's  resources  of  forest  and  field  and  of  minerals  and  water 
power^  and  in  this  opinion  I  am  generally  and  strongly  sustained  by 
the  scientific  staff  or  the  Weather  Bureau. 

With  regard  to  the  matters  of  which  this  paper  specifically  treats  I 
wish  for  the  freest,  fullest,  and  fairest  discussion  and  investigation, 
with  the  end  in  view  of  correcting  error  if  there  be  such  and  of  finding 
common  ground  upon  which  aU  well-meaning  persons  may  stand. 
Those  whose  official  reports  differ  from  mine  I  believe  to  be  as  honest 
and  as  sincere  in  their  investigations  and  conclusions  as  I  know 
myself  to  be. 

To  return  to  Supply  Paper  No.  234,  referred  to  above,  I  quote  as 
follows  from  page  23 : 

The  results  for  the  Tennessee  basin  cover  twenty*fotir  years,  from  1884  to  1907, 
incluBive.  *  *  *  Summing  up  the  flood-producing  rains  for  the  twenty-four  year 
period,  it  is  found  that  the  total  is  335,  of  which  313  occurred  from  December  to  May, 
inclusive,  and  the  remaining  22  during  the  other  portion  of  the  year.  It  is  apparent 
that  the  number  of  such  rains  from  June  to  November  is  not  sufficient  to  affora  a  basis 
of  comparison.  Thereforeonly  the  December  to  May  floods  will  be  considered.  *  *  * 
On  dividing  the  period  covered  by  these  313  floods  equally,  two  consecutive  twelve- 
year  periods  are  afforded,  which  give  a  basis  of  comparison.  The  floods  in  the  later 
period,  resulting  from  a  given  depth  of  storm  precipitation,  are  clearly  shown  to  be 
more  severe  than  in  the  earlier  period.  The  method  of  presentation  further  makes  it 
possible  to  compute  the  increase  in  flood  tendency  due  to  deforestation  in  the  Ten- 


If  we  now  divide  the  number  of  flood  days  by  the  number  of  storms  the  result  will 
be  the  number  of  dajrs  per  storm. 

Days  of  flood  per  storm. 


Period. 

Storms  In  Inches  precipitated. 

ItoUfi. 

1.5  to  2. 

2to2.& 

2.5  to  3. 

3  to  3.5. 

3.5  to  4. 

4  to  4.5. 

4.5  to& 

1884-1806 

0.7 
.4 

0.5 
.9 

2.5 
2.6 

1.8 
2.7 

2.6 
8.2 

5 
6 

6 
8 

8.1 

1895-1907 

8.7 

Percentage  increeae 

-  43 

80 

4 

50 

22 

20 

33 

—  17 

The  algebraic  sum  of  the  above  percentages  is  149  and  the  average  is  18.75,  which 
sums  up  the  effects  of  deforestation  on  run-off  from  1884  to  1907,  inclusive. 
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I  invite  attention  to  the  figures  given  in  this  table  "Days  of  flood 
per  storm."  If  the  nm-oflF  in  the  second  period  was  greater  than  in 
the  first,  due  to  deforestation,  would  not  the  latter  anow  a^  uniform 
and  progressive  influence  increasing  as  the  amount  of  rainfall  in- 
creased t  How,  then,  does  it  happen  that  a  decrease  in  run-off  of  43 
per  cent  is  shown  for  rains  of  intensity  1  inch  to  1.5  inches,  while  in 
the  next  higher  grade  of  intensity,  viz,  1.5  to  2  inches,  an  increase 
of  80  per  cent  is  shown  1  In  the  next  higher  grade,  viz,  2  to  2.5  inches, 
the  increase  drops  to  4  per  cent.  These  results  founded,  in  my  judg^ 
ment,  on  incorrect  premises,  are  both  inconsistent  and  meanmgless. 
To  '* divide  the  munber  of  flood  days  by  the  number  of  storms"  gives 
no  valuable  quotient,  for  the  gage  readings  selected^  as  floods  are 
not  floods,  but  only  moderate  stages,  and  no  account  is  taken  of  ihe 
actual  height  of  the  water,  and  widle  the  conclusion  is  reached  that 
there  is  an  increase  in  flood  intensity  of  18.75  per  cent  in  the  Tennes- 
see basin  in  the  past  twelve  years  chie  to  deforestation,  no  records  or 
other  evidence  are  presented  that  there  is  not  as  much  forest  area  in 
this  basin  as  there  was  twelve  years  ago ;  or  that,  if  there  is  a  decrease, 
it  would  be  sufficient  to  accoimt  for  such  a  large  increase  in  flooa 
intensity. 

But — and  here  is  the  most  important  matter  in  the  consideration 
of  Mr.  Leigh  ton's  conclusions — ^no  matter  how  complete  the  data 
may  be,  or  now  fundamentally  sound  and  fair  its  collation  and  jgroup- 
ing,  the  comparison,  the  one  with  the  other,  of  such  short  periods  as 
those  measured  by  only  twelve  years,  can  not  give  results  with  regard 
to  changes  in  climate  and  floods  that  will  permit  the  most  skilled  mete- 
orologist or  engineer  to  draw  fundamental  conclusions  that  can  have 
any  value.  Precisely  the  same  amoimt  of  rain  falling  in  the  two 
periods  and  no  change  whatever  in  forest  or  cultivated  area  might 
produce  largely  differmg  results  on  floods,  depending  on  the  sequence 
with  which  it  fell  over  the  different  tributaries  and  how  it  was  con- 
centrated or  scattered,  and  on  manv  other  complicated  conditions 
of  nm-off ,  such  as  the  coinciding  of  tne  flood  volume  from  one  tribu- 
tary with  that  of  another,  instead  of  each  passing  down  the  main 
stream  at  different  times. 

There  is  also  the  difficulty  of  securing  accurate  precipitation  data. 
Whenever  the  height  of  the  gage  is  altered  or  other  change  made 
in  its  environment  that  disturbs  the  flow  of  the  air  currents  the  read- 
ings of  one  period  may  not  fairly  be  compared  the  one  with  the  otlier. 
These  defects  vitiate  the  precipitation  data  of  many  stations  of  the 
Weather  Bureau,  especially  those  in  large  and  growing  cities,  and 
can  only  be  remedied  by  the  Government  controlling  for  a  long  period 
of  years  an  area  at  each  station  so  large  that  it  can  determine  the 
exposure  and  keep  it  constant. 

Another  way  of  comparing  the  predpitaMon  and  (he  river  stages  of 
the  Tennessee  ba^ns. — I  give  in  the  following  table  the  rainfall  at 
Chattanooga  and  Knoxville  separately  for  the  months  December  to 
May,  inclusive,  for  each  of  the  twenty-four  years  considered  in 
Water-Supply  raper  No.  234;  also  the  total  number  of  days  of  river 
stages  of  20  feet  and  above  on  the  Chattanooga  gage.  The  rainfall 
so  tabulated  includes  only  the  heavy  rains,  ana  the  arrangement 
according  to  intensity  is  precisely  the  same  as  that  followed  in  Water- 
Supply  Paper  No.  234. 


THE  INFLUENCE  OF  FOBESTS  ON  CLIMATE  AND  ON  FLOODS.      29 


Heavy  rairu  at  Chattanooga  and  KnoxviUe,  Tenn.,  during  tix  monthi  of  each  year 

{December^  1883,  to  May,  1907), 


• 

1  to  1.5  inches. 

1.5  to  2  inches. 

2  to  2.5  inches. 

2.5  to  8  inches. 

Deoember-May,  188^-1907. 

Num- 
ber of 
rains. 

Total 
amount. 

Num- 
ber of 
rains. 

Total 
amount. 

Num- 
ber of 
rains. 

Total 
amount. 

Num- 
ber of 
rains. 

Total 
amount. 

First  haU: 

'Chattanooga......    ..    . 

57 
44 

68.66 
51.01 

16 
26 

27.54 
45.59 

00  CO 

• 

17.83 
29.44 

13 

4 

35.67 

Knozville 

11.04 

Total : 

101 

119.66 

42 

73.13 

21 

47.27 

17 

46.71 

Mean 

v; 

Second  half: 

52 

48 

62.48 
55.87 

11 
21 

18.18 
35.47 

12 
10 

26.28 
22.19 

9 
10 

24.13 

Krro-rviii^ 

27.48 

Total 

100 

118.35 

32 

53.65 

22 

48.47 

19 

51.61 

Mean 

1 

3  to  3.5  Inches. 

3.5  to  4  Inches. 

4  to  4J>  Inches. 

4.5  +  inches. 

December-May, 
1883-1907. 

Num- 
ber of 
rains. 

Total 
amount. 

Num- 
ber of 
rains. 

Total 
amount. 

15.07 
3.78 

Num- 
ber of 
rains. 

Total 
amount. 

Num- 
ber of 
rahis. 

Total 
amount. 

Grand 
total. 

First  half: 

Chattanooga..: 

Kooxville 

4 

4 

13.45 
12.70 

4 

1 

2 
2 

8.58 
8.79 

6 
4 

33.43 
22.04 

220.22 
184.80 

Total 

8 

26.15 

5 

18.85 

4 

17.37 

10 

65.47 

404.61 

Mean 

202.30 

1 

Second  half: 

Chattanooga 

4 

5 

13.41 
16.17 

2 
2 

7.71 
7.46 

2 

8.88 

4 

23.27 

183.84 

Kno^rville. 

164.64 

Total 

9 

29.58 

4 

16.17 

2 

8.38 

4 

23.27 

348.48 

Mean 

174.24 

* 

The  data  of  the  above  table  have  been  divided  into  two  periods  of 
twelve  years  each,  with  the  following  results: 

First  period. 

Total  number  of  heavy  rains  at  Chattanooga 110 

Total  number  of  heavy  rains  at  Knoxvilie 100 

Total 210 

Total  amount  of  the  above  heavy  rains  as  per  table,  404.61  inches. 
Dividing  this  total  by  two,  to  get  the  approximate  average  of  the  heavy  rains  for 
the  waterwed,  we  get  202.30  inches. 

Total  number  of  days  with  stages  of  20  feet  or  more  at  Chattanooga 166 

Dividing  the  amount  of  the  heavy  rains  in  the  watershed  by  the  number  of  days 

202  30 
with  a  river  stage  of  20  feet  or  over,  we  get  ^^'—»  1.220  inches  as  the  amount  of  rain- 

166 

fail  that  probably  produced  one  day  of  a  stage  of  water  in  the  river  of  20  feet  or  more. 
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Second  period. 

Total  number  of  heavy  rains  at  Chattanooga 96 

Total  number  of  heavy  rains  at  Enoxviile 96 

Total 192 

Total  amount  of  the  above  heavy  rains,  348.48  inches. 

Dividing  this  total  as  before,  we  get  as  an  approximate  average  of  the  heavy  rains 
in  the  waterdied  174.24  inches. 

Total  number  of  *days  with  stages  of  20  feet  or  over  in  the  river 141 

Dividing  as  before,  we  get  as  the  probable  amount  of  rainfall  in  the  second  period 
required  to  produce  a  day  of  20  feet  or  over  in  the  river,  1.236  irches,  as  against  1.220 
inches  in  the  first  period. 

The  difference  between  the  line  of  {reasoning  employed  in  gettii^ 
the  above  results  and  those  given  in  Water-Supply  Taper  No.  234  is 
that  the  author  of  the  latter  attempts  to  differentiate  between  the 
stages  produced  by  rains  of  varyii^  intensity  and  to  assign  to  such 
rains  a  given  nimiber  of  so-called  '^  flood  days/'  while  in  this  paper  the 
assertion  is  made  that  in  the  first  period  there  were  a  given  nimiber 
of  dajrs  with  a  stage  of  20  feet  and  over  in  the  river,  and  that  during 
that  time  the  heavy  or  flood-producing  rains  amoimted  to  so  much. 
Dividing,  then,  the  total  of  tne  flood-producing  rains  by  the  corre- 
sponding number  of  days  with  a  stage  of  20  feet  or  over,  the  results 
given  above  are  reached,  viz,  that  For  the  first  period  it  took  1.22 
mches  of  rainfall  to  produce  a  day  with  a  20-foot  sta^e  in  the  river. 
These  figures  contradict  the  contention  that  an  equal  depth  of  rain 
in  the  last  period  as  compared  with  the  first  produced  more  severe 
floods  in  the  river.  I  only  present  them  to  show  how  eaay  it  is  to 
arrange  data  so  as  to  prove  both  sides  to  a  question.  While  this 
line  of  inquiry  is  open  to  less  objection  than  that  followed  by  Leigh- 
ton,  it  does  conform  to  the  plan  of  the  latter  in  so  far  aa  it  uses  me 
number  of  days  that  the  river  stood  at  or  above  20  feet,  instead  of 
taking  into  consideration  the  actual  height  of  the  water.  The  most 
that  can  be.  said  is  that  this  form  of  inquiry  shows  no  increase  in 
flood  intensity. 

BairvfaU  and  rwnroffcf  the  Ohio  Basin, — ^We  now  come  to  a  different 
and  more  reliable  form  of  investigating  this  question  of  the  relation 
of  precipitation  to  run-off. 

We  have  no  direct  method  of  measuring  the  run-off,  but  we  can 
reach  a  fair  approximation  to  it  by  a  comparison  of  the  rainfall  and 
river  data  for  any  given  watershed.  If,  for  example,  the  surface 
conditions  over  any  considerable  part  of  a  watershed  have  been 
materially  changed  by  deforestation  or  other  means,  and  if,  as 
claimed,  such  change  operates  to  increase  the  run-off,  then  the  flow  of 
water  in  the  streams  aiter  the  change  has  been  brought  about  should 
be  greater  for  equal  depth  of  precipitation.  This  method  is  a  rou^h 
one,  to  be  sure,  out  it  appears  to  oe  the  only  one  permitted  by  me 
records  as  they  exist. 

Cincinnati,  Ohio,  has  been  chosen  as  the  point  whose  river  observa- 
tions are  best  adapted  to  our  purpose,  although  some  objection  to 
that  place  lies  in  the  constriction  or  the  naturalriver  channel  caused 
by  the  encroachment  on  the  banks  of  the  stream  by  various  artificial 
structures.  The  station  at  Pittsburg,  Pa.,  is  better  situated  for 
comparative  purposes,  but  the  low-water  stages  at  that  place  of 
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late  years  have  been  vitiated  by  the  construction  of  th^  Davis 
Island  dam.  The  construction  or  dams  at  several  places  m  oliier 
rivers  has  lowered  the  value  of  low  river  gauge  readings  lor  comparative 
purposes. 

In  the  tables  which  follow  I  have  given  the  actual  mean  monthly 
stage  of  the  Ohio  at  Cincinnati  for  every  month  of  the  period  1871 
to  1908.  The  average  of  these  monthly  means  has  been  computed 
for  the  first  period  of  nineteen  years;  these  averages  have  been 
summed  up  for  the  twelve  months  of  the  year,  and  that  sum  has 
been  divided  by  twelve  in  order  to  get  the  annual  mean.  The  number 
so  obtained,^  17.3  feet,  is  therefore  the  average  sta^e  of  the  river  for 
the  entire  nineteen  years,  as  computed  from  all  or  the  dail^  stages 
for  that  period.  In  like  manner  the  average  stage  of  the  river  for 
the  second  period  of  years  has  been  computed  and  is  given  in  the 
following  table : 

Mean  monthly  and  anrnuil  river  ttages  in  the  Ohio  River  at  Cincinnati,  Ohio,  for  the 

period  1871-1908. 

Iln  feet  and  tenths.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oot. 

Nov. 

Deo. 

Annual. 

1871 

14.6 
14.0 
22.6 
29.7 
18.3 
31.4 
28.1 
20.0 
23.2 
29.2 
20.7 
42.0 
18.1 
24.5 
25.6 
24.7 
20.4 
20.2 
25.2 
33.0 
31.8 
23.8 
12.7 
17.3 
28.3 
14.1 
14.4 
35.3 
31.8 
18.7 
15.8 
19.9 
23.1 
19.4 
14.9 
26.8 
45.7 
22.0 

23.8 
23.6 
23.7 

23.1 
14.1 
29.4 
27.9 
16.7 
33.9 
18.4 
24.2 
26.6 
28.3 
33.1 
44.0 
48.6 
54.4 
15.6 
26.0 
48.4 
20.1 
24.1 
37.9 
46.8 
24.5 
41.1 
27.2 
13.9 
23.6 
36.3 
25.0 
25.9 
24.5 
13.8 
19.2 
39.7 
20.3 
21.4 
13.9 
22.0 
32.2 

29.3 
26.8 
28.1 

26.3 
13.3 
21.4 
26.7 
34.4 
25.6 
28.0 
24.2 
32.8 
35.2 
27.2 
34.2 
20.3 
36.5 
17.1 
20.6 
29.4 
23.0 
20.9 
46.0 
37.2 
25.4 
25.8 
22.6 
27.4 
22.5 
40.3 
31.3 
40.1 
28.9 
22.2 
37.2 
42.5 
84.6 
33.3 
26.8 
40.1 
41.9 

26.1 
32.9 
29.5 

16.5 
25.8 
29.2 
31.6 
23.9 
25.4 
23.1 
14.5 
22.9 
24.6 
29.4 
18.2 
36.0 
24.5 
26.5 
37.4 
24.0 
23.8 
19.0 
31.7 
30.6 
31.5 
26.8 
19.1 
24.4 
26.1 
26.3 
27.1 
26.7 
17.8 
39.5 
26.7 
32.9 
26.6 
19.7 
30.3 
23.9 
35.8 

25.1 
27.6 
26.3 

21.8 
11.8 
25.6 
20.7 
14.7 
18.2 
17.4 
22.0 
11.4 
15.8 
16.1 
30.6 
49.0 
17.5 
15.0 
22.0 
20.6 
13.8 
16.0 
32.5 
9.8 
25.2 
36.1 
16.9 
12.3 
12.3 
23.1 
23.7 
17.4 
11.2 
25.5 
13.6 
12.0 
20.1 
25.2 
14.3 
22.6 
30.8 

20.0 
20.2 
20.1 

8.2 
10.9 

9.2 

7.8 
11.8 
10.1 
12.1 
12.5 

7.1 
14.0 
16.5 
26.5 
61.5 
11.3 
14.7 
15.5 
14.8 
10.4 
25.2 
19.8 
18.9 
23.1 
14.9 
12.3 

6.5 
11.7 
12.8 
11.7 
13.6 
10.8 
28.1 
11.0 
13.5 
16.2 
16.3 
12.6 
27.2 
12.9 

16.8 
16.6 
15.6 

7.1 

11.9 

13.3 

6.1 

25.0 

11.8 

11.3 

9.0 

5.6 

9.4 

7.8 

16.9 

12.9 

8.5 

6.8 

13.8 

5.7 

14.6 

18.6 

10.8 

13.0 

11.6 

8.3 

6.6 

7.5 

22.1 

13.9 

8.6 

8.4 

9.5 

13.1 

19.4 

12.7 

13.6 

16.8 

10.1 

18.3 

10.0 

11.4 
12.2 
11.8 

6.1 

8.4 

10.0 

9.0 

26.7 

10.6 

5.5 

10.6 

9.9 

8.4 

4.9 

13.7 

8.7 

6.5 

12.5 

10.0 

4.9 

12.1 

12.2 

9.7 

11.2 

7.7 

4.8 

4.3 

6.1 

20.1 

10.3 

20.2 

8.0 

7.9 

9.6 

9.9 

6.7 

6.3 

12.9 

14.4 

13.6 

8.6 

10.0 
10.1 
10.0 

6.4 
6.1 
6.6 
4.2 
6.1 

16.8 
6.2 

13.7 
6.9 
7.0 
3.6 

13.9 
4.4 
3.6 

11.0 
6.4 
3.3 

16.4 
6.7 

20.8 
9.7 
5.7 
7.2 
4.8 
4.9 
6.7 
4.8 
7.7 
5.1 
6.0 

10.9 
4.4 
8.2 
6.0 

10.2 

10.1 

12.1 
4.4 

7.6 
7.8 
7.7 

8.2 
4.2 
7.8 
6.4 
7.4 

10.7 
6.1 
6.0 
3.2 
4.6 
4.4 
9.0 
7.9 
3.9 
8.5 
6.2 
3.3 

17.9 
&0 

21.2 
4.9 
4.3 

10.5 
4.6 
3.0 

14.8 
3.5 

10.1 
3.9 
4.3 
6.4 
7.6 
6.6 
3.8 

10.8 

13.3 

10.6 
8.6 

6.6 
7.8 
7.2 

6.6 

10.0 

16.6 

4.6 

16.9 

11.7 

12.1 

14.8 

5.4 

10.4 

14.8 

8.7 

38.0 

4.4 

15.5 

12.2 

8.6 

27.4 

24.6 

24.2 

0.6 

6.4 

9.5 

6.6 

3.4 

13.8 

8.0 

17.1 

6.4 

10.3 

5.6 

6.3 

7.3 

4.2 

12.0 

16.8 

17.0 

4.8 

13.5 

9.9 

11.7 

7.3 
10.6 
28.6 
13.4 
24.3 
12.1 
15.1 
29.1 
19.2 
18.1 
25.0 
12.7 
32.2 
12.2 
18.1 
19.4 

6.1 
16.2 
23.9 
17.3 
18.9 
11. 1 
16.6 
12.0 

9.4 
19.7 
17.8 
18.7 
13.4 
19.2 
20.6 
26.9 

9.6 

4.6 
25.6 
23.3 
19.4 

6.2 

18.1 
16.3 
17.2 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1880 

1800 

1891 

1892 

1803 

1804 

1895 

1896 

1807 

1898 

1800 

igoo 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

Mean: 

1871-1889 

1890-1906.... 
1871-1906.... 

17.8 
17.6 
17.4 

The  av&^e  precipitation  for  the  watershed  has  not  been  so  easily 
obtained.  Only  in  exceptional  cases  are  continuous  measurements  of 
precipitation  available  for  comparative  studies.  The  government 
records  in  large  cities  are  of  necessity  made  from  gauges  wnose  imme- 
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diate  enyironment  has  been  changed  repeatedly  in  the  course  of  a  long 
series  of  years,  and  it  was  for  this  reason  that  the  rain-gauge  records 
from  Cincinnati  and  Pittsburg  were  ignored.  The  points  selected — 
viz,  North  Lewisburg  and  Portsmouth,  Ohio,  and  Confluence  and 
Franklin,  Pa. — are  the  best  and  practically  the  only  long-period  rec- 
ords available  in  this  watershed.  A  better  distribution  throughout 
the  watershed  would  have  been  preferred,  but  it  is  not  possible  to 
obtain  it.  The  precipitation,  like  the  river  stages,  has  been  computed 
in  periods  of  nineteen  years  each.    The  tables  follow: 

Annual  predpitaHon  in  the  Ohio  iffatershedfor  the  period  1871  to  1908,  induripe. 

[In  inohfis  and  tenths.] 


Year. 

North  Lew- 
isburg, 
Ohio. 

Ports- 
mouth, 
Ohio. 

Canfloeinoe, 
Pa. 

Franklin, 
Pa. 

For  the 
watarsbed. 

1871 

sao 

2&6 
37.2 
340 
43.2 
42.0 
37.3 
440 
4&4 
46.4 
440 
45.8 
4&9 
343 
8&8 
4a6 
35.0 
47.6 
3a8 
4&2 
442 

4a2 
4ai 
8a6 

20.0 

4a8 

43.5 

52.2 

340 

82L5 

29.6 

d&6 

2&7 

3&4 

'35.1 

033.7 

4137.6 

aai 

39l8 
3&1 

sao 

sa7 

3L1 
4a2 
38.3 
45.7 
41.2 
35.0 
.    29.9 
35.6 
4a  0 
4a8 
56.2 
4&5 
42L8 
37.3 
45.3 
4a7 
4&3 

sas 

57.6 
42.8 
441 
87.9 
86.2 
31.2 
3a9 
4a  1 

4ai 

419 
346 
39.7 
37.2 
37.3 
2a2 
43.3 
444 
42.3 

4ao 

41.1 
4a9 
4L0 

•  27.7 
OSLO 
a4L4 
a3a4 

8ai 

46.4 
45.0 
41.1 
3&8 
4a2 
4L4 
55.1 
4a8 
42L1 

sas 

441 
631.2 
»47.8 

4ao 
oai 

57.6 
38L4 
48L4 

42.1 
8&1 
5a2 
4&8 
53.2 
4&9 
440 
4L2 
4&9 
3&S 
81.4 
5L1 
48.7 
55.8 
43L1 

4L6 
4&0 
4&8 

847 
4L5 
549 
.      47.4 
45.8 
4&9 
43.5 

4ai 

87.7 
840 

sai 

4&8 

4L3 

42L0 

446 

8&8 

4a8 

4a2 

43.8 

68L5 

«5L4 

e47.6 

e4&7 

«48.3 

«83.5 

C4L2 

3a6 

sai 

82L8 
81.7 
42.2 

8ai 

45l6 

4a8 

4&1 

«4a2 

«42.8 

«4L1 

42.7 
42.8 
42.5 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1802 

1803 

1894 

1895 

1896 

1897 

1898 

1809 

1900 

1901 ^ 

1902 

1903 

1904 

1905 

1907 

1906 

Mean:                             > 

1871-1889 

iL8 

1890-1908 

€L8 

4Lt 

a  Record  of  Pittsburg,  Pa. 

b  Record  of  Look  No.  4,  Pennsylvania. 

c  Record  of  Wairan,  Pa. 


d  Record  of  Colmnbcis,  Ohio. 
•Record  of  Parkara,  Fa. 


Summarizing  the  above,  we  have: 

Avenge  staM  of  the  Ohio  River  at  Cincinnati,  Ohio: 

18ntol889 17.S 

1890  to  1908 ^. 17.5 

Avenge  precipitation  In  the  Ohio  watershed,  as  determined  firam  the  stations  abov«  named:  IndMB. 

ISntolSSO 4LS 

1890  to  1906 4L8 
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I  consider  that  the  results  secured  from  the  discussion  of  the 
precipitation  and  the  gauge  readings  in  the  Ohio  basin,  as  given  in  the 
roregoing  tables,  form  one  of  the  most  important  contributions  made 
by  this  paper.  Here  we  have  avoided  the  using  of  indefinite  and 
meaningless  data,  and  have  taken  the  longest  period  of  time  for 
which  accurate  records  can  be  secured  on  a  watersned  that  is  suitable 
for  this  line  of  inquiry.  We  have  not  simply  counted  the  number  of 
days  that  the  river  stood  above  some  arbitrarily  selected  stage  with- 
out taking  into  consideration  the  exact  height  of  the  river.  Neither 
have  we  divided  the  gauge  readings  by  some  arbitrarily  selected 
portion  of  precipitation  data.  On  the  contrary,  we  have  endeavored 
to  profit  by  the  errors  of  previous  investigations,  and  to  lay  the 
foundation  of  an  inquiry  that  would  mean  something  when  we  reached 
the  end  of  our  computations. '  For  this  reason  we  have  selected  a 
typical  station  on  the  main  stream  that  drains  the  Ohio  Basin  and 
have  discussed  rainfall  data  that  are  the  most  accurate  of  any  in  the 
region,  having  been  subject  to  less  errors  due  to  varying  environ- 
ments. Any  deductions  made  from  an  inquiry  founded  with  less 
care,  or  from  data  of  a  less  degree  of  accuracy,  must  bring  results 
from  which  it  would  be  unsafe  to  form  definite  conclusions. 

Now  let  us  see  what  is  the  result.  The  average  stage  of  the  river 
for  the  first  nineteen  years  is  17.3  feet,  and  for  the  last  nineteen 
years  17.5  feet,  showing  that  there  is  practically  no  change  in  the 
run-oflF  of  the  Ohio  Basin  between  the  first  period  and  the  last. 
When  we  examine  the  average  precipitation  over  the  watershed  that 
is  drained  by  this  river  we  find  that  lor  the  first  nineteen  years  it  was 
41.3  inches,  and  for  the  last  nineteen-year  period  it  was  41.8  inches, 
a  slight  increase  in  precipitation  for  the  latter  period  that  agrees 
precisely  with  the  slightly  greater  average  flow  of  water.  There  is  a 
perfect  agreement  here  between  the*  precipitation  and  the  flow  of 
the  stream.  I  do  not  know  what  has  been  the  area  deforested  in 
this  valley  during  the  thirty-eight  years  under  discussion,  but  whatever 
it  is  it  seems  to  be  apparent  that  such  altering  of  the  relation  of  forest 
area  to  cultivated  area  has  had  no  appreciable  effect  on  the  flow  of  the 
Ohio  River.  I  am  aware  of  the  fact  that  by  the  studying  of  short 
periods  of  data  on  small  tributary  streams,  and  especiafly  by  the 
grouping  of  data  dissimilar  from  what  is  employed  in  this  discussion, 
all  manner  of  results  may  be  shown. 

/  believe  that  the  reader  wiU  acknowledge  that  I  have  shoitm  in  the 
several  preceding  paragrapJis  that  the  average  discharge  of  iJte  Ohio 
River,  where  I  presume  deforestation  has  been  as  great  cw  in  any  other 
part  of  the  country  during  recerU  tiToe,  Juis  not  cmnged  for  a  period  oj 
thirty-eight  years,  except  cw  caused  by  precipitation.  It  unU  now  be  inter- 
esting to  know  Tiow  the  two  periods  compare  with  regard  to  eztreTnely  high 
water  and  extremely  low  uxUer,  and  ih%s  will  be  discussed  in  the  coming 
pages. 

nigh  water  and  lowwateron  the  rivers  of  the  Ohio  basin. — I  had  Prof. 
H.  C.  Frankenfield,  Chief  of  the  River  and  Flood  Division  of  the 
Weather  Bureau,  compile  the  data  from  one  station  on  the  Cumber- 
land, thr^  on  the  Tennessee,  and  five  on  the  Ohio,  and  establish  the 
average  high  water  for  the  four  wet  months,  January  to  April,  and  the 
average  low  water  for  the  four  dry  months,  July  to  October.     He  then 

2e320— 10 — 3   * 


34       THB  INFLUENCE  OF  FORESTS  ON  CLIMATE  AND  ON  FLOODS. 

took  the  departure  from  the  normal,  both  for  the  precipitation  and  for 
the  height  of  the  rivers,  and  found  that  the  average  high  water  was  no 
higher  and  the  average  tow  water  was  no  lower  for  the  last  half  of  the 
period  than  for  the  first  half.  The  differences  were  so  slight  as  to  be 
mappreciable,  but  what  changes  occurred  were  in  favor  of  the  low 
water  being  slightly  higher  and  the  flood  waters  slightlv  less.  There 
were  variations  in  the  periods  and  intensities  of  noods  that  bear  a 
direct  and  proper  relation  to  the  precipitation.  In  making  his 
report.  Professor  Frankenfield  points  to  the  fact  that  the  low- water 
stages  at  Pittsburg,  Pa.,  and  Nashville;  Tenn.,  are  not  fairly  com- 
parable with  thpse  of  tne  other  stations  on  account  of  permanent 
pool  stages  caused  bj  dams  operated  during  the  low-water  season 
lor  purposes  of  navigation.  The  first  dam  below  Pittsburg  was 
placed  m  operation  in  1885,  and  that  at  Nashville  in  1904.  The 
effect  of  these  dams  is  to  furnish  higher  low-water  stages  than  would 
result  without  them.  The  effect  upon  the  normal  low-water  stage 
at  Nashville  was  not  marked,  but  at  Pittsburg  it  was  perceptible. 
However,  in  his  conclusions  he  did  not  make  allowance  for  the 
slightly  higher  low-water  stages  at  Pittsburg  on  account  of  the  dam, 
but  when  included  with  the  other  stages  of  the  river  this  defect 
probably  is  not  apparent. 

According  to  our  line  of  reasoning,  which  we  believe  to  be  fair  and 
conservative,  it  is  shown  that  the  average  discharge  of  the  Ohio 
River  is  not  greater  as  the  result  of  deforestation  during  the  last 
nineteen  years  than  during  the  preceding  like  period,  and  that  the 
average  high  water  in  the  rivers  of  the  entire  basin,  which  includes 
the  Tennessee,  the  Cumberland,  and  the  Ohio,  is  not  higher  and  the 
low  water  is  not  lower. 

Are  real  flood  stooges  more  numerous  than  formerly  f — The  next  line 
of  inquiry  will  be  for  the  purpose  of  determining  whether  or  not 
there  has  been  in  recent  time  an  increase  in  the  number  of  days 
that  these  rivers  were  at  or  above  the  flood  stage,  and  in  making  this 
inquinr  exa^  flood  stages  will  be  used,  not  simply  gauge  readings  less 
than  flood.  Again  I  called  on  Professor  Frankenfield  to  prepare  the 
necessary  data.  As  the  data  was  not  complete  with  regard  to  flood 
stages  for  the  first  ten  years  of  the  period  that  we  have  been  dis- 
cussing, he  took  a  period  of  ten  years  less  in  length,  beginning  with 
1879,  and  as  the  result  of  his  computations  we  nave  the  following 
table : 
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Number  ofday$  in  eaek  year  that  the  riven  were  at  or  above  (ktfioodeiage, 

[Flood  stage  glT«n  wlUi  name  of  station.] 


Com- 
ber- 
land 
RiTcr, 
Nasb- 
▼flle, 
Tenn. 

Tennessee  Rj 

iTcr. 

John- 

son- 

▼iUe, 

Tenn. 

Ohio  River. 

Chattap 
Tenn. 

Flor- 
ence, 

Ala. 

Pltts- 

boig, 

Pa. 

Cincin- 
natt, 
Ohio. 

Louis- 

vlUe, 

Ky. 

Bvans- 
TlUe, 
Ind. 

Cairo, 
III. 

TotaL 

Flood  fld^e  In 
feet 

40 

83 

16 

21 

22 

50 

28 

35 

45 

Year. 
1879 

3 
19 

8 

4 

10 

19 

4 

44 

15 

42 

10 

17 

10 

13 

8 

16 

35 

18 

17 

2 

4 

7 

20 

•  19 

•  51 

(») 
80 

•  73 

•  91 
20 
31 
44 
27 
12 
55 
63 
40 
44 
14 
15 
18 
48 
20 
66 
18 
42 
60 
58 

9 
13 
22 
24 
18 

4 
31 
11 
63 
•  34 
61 

5 
19 
53 

3 

1880 

3* 

2' 

8 
1 
1 

4 

2 

9 

16 

19 

4 

8' 

15 
19 

1881 

6' 

56 
21 
40 

1882 

ao 

6 
25 

9 

4 
12 

lSi<3 

1S84 

1885 

1886 

14 
11 

11 

12 
13 

11 
11 

21 

82 

5 

1887 

1888 

1889 

1890 

14 
15 

5 
9 
5 
1 

2 

4 
1 
2 

1 
1 

14 
8 

17 
6 

65 

67 

8 

28 

89 
13 
80 
18 

1891 

1802 

1893 

8 
8 

10 

2 

1894 

1895 

3 

6 
86 
37 
38 

1806 

0 
16 

4 
9 

1897 

2 

3 
1 
1 
3 
8 
3 
4 
5 

4* 

8 

8 

15 

9 

7 

15 

5 

48 
17 
26 

1898 

1800 

2 

18 

26 

4 
17 

ao 

31 
8 
3 

1900 

1901 

1 
6 

9 

4 
8 

7 

i* 

12 
26 
45 
19 
4 
11 
46 
57 

1902 

12 

1 

1903 

26 
16 

1904 

1906 

1906 

1 

1 

22 
12 

22 
5 

12 
28 
11 

1908 

3 

_^ 

Total,  1879-1803 

140 
40 

63 
34 

278 
159 

660 
435 

19 
34 

107 
*     88 

93 

62 

442 
341 

281 
177 

2,073 
1,870 

180 

97 

437 

1,065 

53 

196 

155 

783 

468 

3,443 

•  Data  Incomplete.  *  Data  missing  for  this  jrear. 

Days. 

Total  1879-1808 2,078 

Total  1894-1906 1,870 

Ezceas  of  first  period  over  second  period 708 

Average  per  year,  1879-1893 138.2 

Average  per  year,  1894-1906 91.8 

per  3rear  first  period  over  second  period 46.9 


From  the  foregoing  it  will  be  seen  that  in  the  first  fourteen  years 
there  were  2,073  days  that  the  Cumberland  River  at  Nashville;  the 
Ohio  at  Pittsburg,  Cincinnati.  Louisville,  E vansville,  and  Cairo ;  the 
Tennessee  at  Chattanooga,  Florence,  and  Johnsonviile,  were  at  the 
flood  stage — that  is,  they  were  bank  full  or  overflowing.  During  the 
last  fourteen  years  the  number  of  such  days  is  1,370,  an  excess  in 
the  first  fourteen  years  of  703  days,  or  an  average  of  46.9  days  ex- 
cess per  year  in  the  first  period  over  the  second. 

Now,  1  would  guard  against  unsafe  conclusions  from  these  residts. 
The  fact  is  that  abnormally  heavy  precipitation  for  several  years  in 
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tho  forepart  of  the  first  fourteen-year  period,  especially  that  which 
caused  the  famous  1882  flood,  places  such  a  preponderance  of  flood 
days  in  the  first  period  that  it  would  be  unfair  to  claim  that  there  has 
been  any  such  permanent  decrease  in  flood  intensity  as  is  shown  by 
this  table.  It  is  given  for  what  it  is  worth,  and  furtner  to  emphasize 
the  fact  that  conclusions  on  which  fimdamental  theories  or  policies 
are  based  should  not  be  founded  upon  short-period  data.  While  I 
am  strongly  of  the  opinion  that  there  is  no  permanent  increase  in  the 
number  of  flood  days  for  the  rivers  of  the  United  States  as  a  whole, 
between  the  last  firty  years  and  the  preceding  fifty  years,  I  shoula 
not  rely  upon  such  short-j^eriod  data  as  is  contained  in  this  table 
to  sustain  my  belief.  But  if  these  data  of  twenty-eight  y;ears,  which 
shows  such  a  marked  decrease  in  flood  intensity  of  the  rivers  of  the 
Ohio  Valley,  and  which  are  founded  upon  imquestionably  accurate 
data,  are  not  sufficient  evidence  for  a  scientific  man  to  claim  statistical 
proof  of  the  decrease  of  floods,  what  shall  one  say  of  the  statements 
made  by  Messrs.  Hall  and  Maxwell,  of  the  Forest  Service,  in  volume 
2,  Senate  Document  No.  676,  in  a  paper  on  '^Surface  conditions  and 
stream  flow,"  which  begins  at  page  112,  as  follows: 

THB  TENDENCY  IS  TOWABD  ING&EABBD  FLOODS. 

On  the  Potomac  River,  for  which  meaaurements  are  given  for  eighteen  vearB.  the 
number  of  floods  during  tne  first  half  of  the  period  w9b  19;  durine  the  second  half,  26; 
while  the  number  of  days  of  flood  in  the  first  half  was  33,  and  in  tne  second  half,  57. 

On  tiie  Monongahela  River  measurements  are  given  for  twentv-two  years.  During 
the  first  half  of  the  period  there  were  30  floods;  during  the  second  half,  52.  The  num- 
ber of  days  of  flood  during  the  first  half  of  the  period  was  55 ;  during  the  second  half,  100. 

On  the  Ohio  River  measurements  are  given  for  twenty -six  years.  During  the  first 
half  of  the  period  there  were  46  floods;  during  the  second  half,  59.  The  number  of 
days  of  flooa  during  the  first  half  was  143,  during  the  second  half,  188. 

On  the  Cumberland  River  measurements  were  given  for  eighteen  years.  During 
the  first  half  of  the  period  there  were  32  floods;  during  the  second  half,  43.  The  num- 
ber of  days  of  flood  during  the  first  half  was  89;  during  the  second  half,  102. 

On  the  Wateree  River  measurements  have  ^ne  on  for  sixteen  years.  In  the  first 
half  of  the  period  the  number  of  floods  was  46;  in  the  second  half,  70.  The  number  of 
days  of  flood  in  the  first  half  of  the  period  was  147 ;  in  the  last  half,  187. 

On  the  Savannah  River  measurements  have  continued  tor  eighteen  years.  During 
the  first  half  of  the  period  the  number  of  floods  was  47;  during  the  second  half,  58. 
The  number  of  days  of  flood  during  the  first  period  was  116;  during  the  second  half,  170. 

On  the  All^heny  River  measurements  are  given  for  thirty -four  years.  During  the 
first  half  of  the  period  there  were  39  floods,  during  the  second  half,  53.  The  number 
of  days  of  flood  during  the  first  half  was  92  j  during  the  second  half,  131. 

On  the  Tennessee  River  measurements  have  been  taken  for  thirty-lour  years.  Dur* 
ing  the  first  halt  of  the  period  there  were  32  floods,  during  the  second  half,  33.  The 
number  ot  days  of  flood  during  the  first  half  was  173,  during  the  second  halt  (in  this 
case  there  waa  a  &lling-ofi},  137. 

The  conclusions  arrived  at  by  the  authors  are,  in  my  judgment, 
faulty,  because: 

First.  The  shortness  of  the  period  of  observations  at  the  majority 
of  the  stations  discussed. 

Second.  The  arbitrary  assumption  as  flood  stages  of  certain  heights 
of  water  much  below  that  necessary  to  cause  a  flood. 

As  to  the  period  of  observations;  Those  of  us  who  are  accustomed 
to  the  computation  of  normals  or  mean  values  have  always  realized 
how  little  value  they  possess  unless  obtained  from  data  covering  a 
long  period  of  vears.  This  is  true  of  temperature  normals,  which 
vary  out  little  from  year  to  year.  How  much  more  must  it  be  true 
of  precipitation  and  river-stage  data,  with  their  wide  extremes  and 
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irregular  fluctuations?  As  a  matter  of  fact  any  average  of  river  con- 
ditions, or  any  mean  annual  precipitation  determined  from  ten  or 
fifteen  years'  observations,  would  be  of  little  or  no  value  in  a  discus- 
sion of  this  character,  and  when  two  of  these  short-period  normals 
are  compared  with  each  other  the  actual  errors  would  probably  be 
multiplied. 

Second,  opinions  may  differ,  of  course,  as  to  what  constitutes  a 
flood,  but  the  Weather  Bureau  (and  engineers  generally)  have  uni- 
formly defined  a  river  to  be  in  flood  when  it  reached  a  stage  above 
which  damage  would  be  caused,  practicallv  the  bank-full  sta^e.  This 
bein^  so,  it  would  appear  reasonable  and  proper  that  this  definition 
of  the  term  should  be  accepted  and  data  discudsed  accordingly.  If 
the  flood  stage  at  a  given  point  is  18  feet,  an  assumption  of  a  lower 
or  a  higher  figure  for  purposes  of  investigating  the  fr^uency  of  floods 
must  necessary  be  misleading. 

I  will  now  take  up  the  rivers  in  the  order  named  in  the  quotation 
and  give  the  net  result  of  Professor  Frankenfield's  inquiry  as  to  the 
number  of  reoZ  floods: 

PoUmuic. — On  the  Potomac  River  the  number  of  floods  has  not 
increased,  but  there  were  more  days  of  a  1^-foot  stage  in  the  last 
period  than  in  the  first.  The  explanation  of  this  incre^  is  found  in 
the  precipitation. 

Monongahda, — On  the  Monongahela  River,  using  data  for  Lock 
No.  4,  Pennsylvania,  40  miles  above  Pittsburg,  there  were  two  more 
floods  in  the  second  period  as  compared  with  the  first,  the  figures 
being  13  and  11,  respectivelv.  Two  of  the  days  of  flood  occurred  in 
March,  1907,  as  a  result  of  abnormal  weather  conditions  over  the 
watershed. 

Ohio  at  Wheeling. — There  was  an  increase  in  the  number  of  floods 
at  Wheeling,  but  said  increase  is  not  shown  farther  down  the  river 
than  Parkersburg.  It  (the  increase)  disappeared  below  the  mouth 
of  the  Great  Kanawha,  as  indicated  by  th4  Cincinnati  records.  The 
reason  ascribed  for  this  increase  in  flood  frequency  is  an  increase  in 
short-period  heavv  rains.  The  same  conditions  appear  to  have 
obtained  in  the  Allegheny  at  Freeport. 

Oamberland. — There  has  been  ne  increase  in  flood  conditions  in  the 
Cumberland. 

Wateree. — There  was  a  marked  increase  in  the  number  of  flood  days 
on  this  river  during  the  second  period.  On  the  other  hand,  the  pre- 
cipitation in  the  watershed  shows  a  like  marked  increase. 

S(wannah. — ^The  record  for  the  Savannah  River  at  Augusta  shows 
a  marked  decrease  in  the  second  period  as  compared  with  the  first. 

Allegheny  ai  Freevort, — See  Wheeling. 

Tennessee. — See  detailed  discussion  on  this  river  in  another  part  of 
this  paper. 

CONCLUSIONS. 

(1)  Any  marked  climatic  changes  that  may  have  taken  place  are 
of  wide  ^tent  and  not  local,  are  appreciable  only  when  measured  in 

S;eologic  periods,  and  evidence  is  strong  that  the  cutting  away  of  the 
orests  has  had  nothing  to  do  with  the  creating  or  the  augmenting  of 
droughts  in  any  part  of  the  world. 

(2)  Precipitation  controls  forestation,  but  forestation  has  little  or 
no  effect  upon  precipitation. 
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(3)  Any  local  modification  of  temperature  and  humidity  caused  by 
the  presence  or  absence  of  forest  covering,  the  buildings  of  yillageB 
and  cities^  etc.,  could  not  extend  upward  more  than  a  few  hundrod 
feet,  and  m  this  stratum  of  air  saturation  rarely  occurs,  even  during 
ridnf  all,  whereas  precipitation  is  the  result  of  conditions  that  exist  at 
such  altitudes  as  not  to  be  controlled  or  affected  by  the  small  thermal 
irregularities  of  the  surface  air. 

(4)  During  the  period  of  accurate  observations,  the  amount  of 
precipitation  has  not  increased  or  decreased  to  an  extent  worthy  of 
consideration. 

(5)  Floods  are  caused  by  excessive  precipitation,  and  the  source  of 
the  precipitation  over  the  central  and  eastern  portions  of  the  United 
States  is  the  vapor  borne  by  the  warm  southerly  winds  from  the  Grulf 
of  Mexico  and  the  adjacent  ocean  into  the  interior  of  the  country^ 
but  little  from  the  Pacific  Ocean  crossing  the  Rocky  Mountains. 

(6)  Compared  with  the  total  area  of  a  given  watershed,  that  of  the 
headwaters  is  usually  small  and,  except  locally  in  mountain  streams, 
their  run-off  would  not  be  sufficient  to  cause  floods,  even  if  deforestar 
tion  allowed  a  greater  and  quicker  run-off.  Granting  for  the  sake  of 
argimient  that  defor^tation  might  be  responsible  for  general  floods 
over  a  watershed,  it  would  be  necessary,  in  order  to  prevent  them,  to 
reforest  the  lower  levels  with  their  vastly  greater  areas,  an  impoasi- 
bilitv  unless  valuable  agricultural  lands  are  to  be  abandoned  as  food- 
producing  areas. 

(7)  The  run-off  of  our  rivers  is  not  materially  affected  by  any  other 
factor  than  the  precipitation. 

(8)  The  high  waters  are  not  higher,  and  the  low  waters  are  not 
lower  than  formerly.  In  fact,  there  appears  to  be  a  tendency  in  late 
years  toward  a  slightly  better  low-water  flow  in  summer. 

(9)  Floods  are  not  of  greater  frequency  and  longer  duration  than 
formerly. 


^'^v.^^J^W 
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THE  RELATION  OF  FORESTS  TO  STREAM  PLOW. 

By  James  W.  Toumey, 
CoUahoratOTj  Bureau  of  Forestry, 

INTEODUCnON. 

For  the  purposes  of  the  present  discussion  "forest"  must  be  under- 
stood to  mean  a  growth  of  trees  sufficiently  dense  to  form  a  fairl}' 
unbroken  canopy  of  tops,  not  a  scattered  growth  of  low,  round-headed 
trees  with  bushes  and  herbage  constituting  the  dominant  types  of 
vegetation. 

Forests  of  this  kind  do  not  occur  in  the  United  States  where  the 
mean  annual  precipitation  falls  below  18  to  20  inches,  except  on 
restricted  areas  where  unusual  conditions  prevail.  The  line  of  separa- 
tion between  the  great  eastern  forest  area  and  the  plains  approximately 
coincides  with  a  north  and  south  line  marking  a  mean  annual  rainfall 
of  20  inches.  The  streams  which  rise  in  the  Rocky  Mountains  and 
flow  eastward  are  bordered  by  forests  for  long  distances  into  the 
plains,  where  the  annual  rainfall  is  much  less  than  20  inches.  These 
forests,  however,  are  not  so  much  a  result  of  the  rainfall  in  the  regions 
where  they  occur  as  of  surface  and  seepage  flow  from  adjacent  regions. 
The  mesquite  forests  of  the  desert  regions  of  southern  Arizona,  where 
the  mean  annual  rainfall  is  but  8  to  12  inches,  are  made  possible  by  the 
seepage  and  surface  waters  from  the  adjacent  mountains. 

The  question  of  the  exact  relation  which  exists  between  forests  and 
stream  flow  has  long  been  under  discussion.  The  broad  fact  that  a 
relation  exists  is  indeed  indisputable.  Forest  destruction  alwa3's 
produces  a  change  in  the  character  of  the  run-off.  But  the  scientific 
determination  of  all  the  causes  which  produce  this  effect,  and  of  their 
relative  importance  is  a  difficult  and  complicated  matter.  In  spite  of 
the  fact  that  for  many  years  European  forest  experiment  stations 
have  been  carrying  on  observations,  measurements,  and  experiments 
designed  to  clear  up  this  subject,  final  conclusions  covering  the  whole 
field  have  not  yet  been  established.  In  this  countiy  almost  nothing 
has  ever  been  done  to  secure  accurate  data  for  the  investigation  of 
this  problem  as  a  whole.  Some  light,  however,  has  been  thrown  on 
the  subject  by  means  of  a  series  of  observations  which  have  been 
going  on  for  several  years  in  the  San  Bernardino  Mountains  in 
southern  California.     It  is  the  purpose  of  the  present  article  to  make 
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clear  what  are  the  various  factors  entering  into  the  problem,  and  to 
state  some  of  the  more  important  facts  that  these  observations  in 
southern  California  reveal. 

In  the  San  Bernardino  Mountains  records  of  precipitation  for  several 
years,  at  a  large  nimiber  of  stations,  show  that  differences  in  forest 
cover  are  closely  correlated  with  differences  in  rainfall.  This  correla- 
tion is  so  close  that  it  is  possible  to  judge  the  mean  annual  precipitation 
with  a  fair  degree  of  accuracy  from  the  appearance  of  the  forest  alone. 
In  these  mountains  forests  cover  the  slopes  wherever  the  mean  annual 
rainfall  exceeds  20  to  24  inches;  however,  on  southern  and  western 
slopes  forests  of  equal  density  represent  a  larger  rainfall  than  on 
northern  and  eastern  slopes. 

Other  things  being  equal,  regions  having  the  greatest  rainfall  bear 
forests  of  the  greatest  density  and  luxuriancy  of  growth;  but  where 
the  mean  annual  rainfall  falls  below  18  to  20  inches,  types  of  vegeta- 
tion in  which  trees  predominate  are  replaced  by  those  in  which  shrubs 
and  herbage  predominate. 

WHAT  CAUSES  RAINFALL. 

Because  rainfall  is  most  abundant  where  forests  grow,  many  believe 
that  forests  exert  an  important  influence  on  the  amount  of  precipita- 
tion. A  more  reasonable  inference,  however,  is  that  rainfall  is  the 
great  factor  in  controlling  tlie  diatrihxition  and  density  of  forests, 

Precipitalion  occurs  whenever  the  air  is  suddenly  cooled  below  the 
dew-point.  The  most  effective  cause  of  this  is  the  expansion  of  air  on 
ascending.  This  upward  movement  is  caused  very  largely  by  cyclonic 
storms. 

Whether  forests  have  any  appreciable  effect  in  cooling  the  air  to 
below  the  dew-point  is  uncertain.  From  the  known  effect  of  forests 
on  the  temperature  and  relative  humidity  of  the  air,  it  is  reasonable 
to  infer  that  they  may  have  some  such  effect,  at  least  to  a  small  degree, 
and  consequently  that  they  have  some  influence  in  increasing  precipi- 
tation. The  present  evidence,  however,  derived  from  many  series  of 
observations  conducted  in  Europe  and  elsewhere,  is  so  conflicting  that 
a  definite  answer  to  this  question,  having  the  stamp  of  scientific 
accuracy,  is  not  possible. 

WHAT  BECOMES  OP  THE   RAINFALL. 

That  the  excessive  destruction  of  forests  is  followed  by  the  drying 
up  of  streams  and  springs  and  by  a  diminution  in  the  minimum  flow  of 
rivers  is  a  well-established  fact.  The  forest  is  the  most  effective  agent 
known  in  regulating  the  disposition  of  the  precipitation  after  it  reaches 
the  ground. 

Rainfall  escapes  from  the  ground  upon  which  it  falls  in  five  ways — 
.through  evaporation,  transpiration,  surface  run-off,  seepage  run-off, 
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and  deep  seepage.  By  evaporation  is  meant  the  moisture  which  passes 
into  the  atmosphere  in  the  form  of  vapor  from  water  and  soil  surfaces 
and  from  objects  resting  upon  such  surfaces,  including  vegetation. 
Transpiration  is  that  portion  of  the  rainfall  which  sinks  into  the  soil, 
and  which  is  later  taken  up  by  the  vegetation  through  the  roots  and 
given  oif  to  the  atmosphere  through  the  stems  and  foliage.  To  this 
latter  should  be  added,  although  not  actually  a  part  of  it,  the  compara- 
tively small  amount  of  moisture  taken  up  by  the  vegetation,  but  which  * 
through  chemical  change  becomes  a  part  of  the  organic  vegetable 
structure.  By  surface  or  superficial  run-oflf  is  meant  that  portion  of 
the  precipitation  which,  from  the  time  of  falling  until  its  exit  from  the 
drainage  basin,  passes  over  the  surface  without  gaining  access  to  the 
soil.  On  the  other  hand,  by  seepage  run-oflF  is  meant  that  portion  of 
the  rainfall  which  sinks  into  the  earth,  but  which  later  reappears  on 
the  surface  at  lower  elevations,  and  with  the  surface  run-off  escapes 
from  the  drainage  basin  in  the  streams.  By  deep  seepage  is  meant 
that  portion  of  the  precipitation  which  sinks  into  the  soil,  but  to  such 
depths  that  it  does  not  reappear  later  on  the  surface  of  the  drainage 
basin. 

Evaporation  and  transpiration  are  frequently  classed  together  as 
evaporation.  In  the  irrigated  parts  of  the  West  they  are  together 
known  as  ''fly-off."  So,  also,  the  rainfall  which  does  not  escape  through 
evaporation  and  transpiration  or  through  deep  seepage  is  often  classed 
as  run-off  or  stream  flow. 

DO  FORESTS  INFLUENCE   EVAPORATION? 

In  order  that  the  moisture  which  falls  to  the  earth  in  the  form  of 
rain  and  snow  should  be  most  efficient  in  sustaining  vegetation  and  in 
feeding  streams,  as  little  as  possible  should  escape  in  the  form  of 
evaporation.  Under  the  best  of  conditions  a  very  large  part  of  the 
annual  i*ainfall  is  returned  to  the  atmosphere  through  evaporation. 
For  humid  regions,  bearing  the  same  types  of  vegetation,  the  amount 
does  not  vary  much  from  year  to  year,  no  matter  what  the  fluctuations 
in  rainfall  are — a  fact  first  made  known  b}'  Messrs.  Lawes,  Gilbert, 
and  Barrington  in  the  classical  Rothamsted  investigations.  These 
gentlemen  explain  this  pei^sistency  in  the  rate  of  evaporation  b}^  the 
fact  that  heat  and  abundant  rain  seldom  occur  at  the  same  time.  Con- 
sequently, in  a  wet  season,  the  lower  tempemture  and  more  or  less 
saturated  atmosphere  prevent  excessive  evaporation;  while  in  a  dry 
season,  although  the  temperature  is  higher  and  the  air  drier,  there  is 
less  water  to  evaporate,  and  the  two  extreme  conditions  balance  each 
other  so  far  as  the  amount  of  evaporation  is  considered.  This  is  not 
true,  however,  in  arid  and  subarid  regions,  because  during  years  of 
minimum  rainfall  the  upper  layers  of  the  soil  are  often  so  dry  for 
months  at  a  time  that  there  is  very  little  moisture  to  evaporate,  while 
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on  the  other  hand  during  years  of  maximum  precipitation  the  atmos- 
phere is  not  sufficiently  saturated  to  check  rapid  evapomtion. 

There  is  little  or  no  difference  between  evaporation  from  a  water 
surface  and  from  any  other  surface  that  is  thoroughly  wet,  when  both 
are  exposed  to  the  same  atmospheric  conditions.  The  evaporation 
from  a  water  surface  is,  however,  always  the  same  under  the  same 
conditions,  but  it  is  not  the  same  from  other  surfaces,  because  they 
'  vary  from  completely  wet  to  completely  dry. 

In  the  forest  the  crowns  of  the  trees  remain  wet  but  a  short  time 
after  precipitation.  During  this  period,  however,  the  evaporation  is 
undoubtedly  very  rapid,  on  account  of  the  large  surface  and  from  the 
fact  that  the  crowns  are  exposed  to  the  wind  and  sun.  But  in  a  long 
series  of  investigations  made  at  the  Forest  Experiment  Station  at 
Nancy,  France,  and  recently  published,  it  was  found  that  a  deciduous 
forest  near  that  station  held  back  from  the  ground  less  than  8  per 
cent  of  the  total  precipitation.  Although  this  is  almost  immediately 
returned  to  the  atmosphere  in  the  form  of  evaporation,  it  is  a  com- 
paratively small  amount  of  the  annual  rainfall.  On  the  other  hand, 
evaporation  from  the  soil  in  the  open  and  in  the  forest  continues  often 
for  long  periods  after  the  precipitation  ceases.  After  the  crowns 
become  dry,  evaporation  is  much  retarded  in  the  forest,  because  the  for- 
est floor  is  protected  from  the  wind  and  sun.  To  such  an  extent  is  this 
true  that  the  loss  of  moisture  through  evaporation  is  much  less  than 
that  lost  from  an  equally  saturated  soil  or  from  a  water  surface  in  the 
open.  Repeated  European  observations,  extending  over  long  periods 
of  time,  and  shorter  observations  made  in  this  country,  conclusively 
show  that  evaporation  from  water  or  other  wet  surfaces  on  the  floor 
of  the  forest  is  but  one-third  or  one-fourth  that  from  similar  surfaces 
in  the  open.  From  the  investigation  of  the  moisture  content  of  soils 
in  the  San  Bernardino  Mountains,  the  results  of  which  are  as  yet 
unpublished,  it  appears  that  the  first  foot  in  depth  of  the  mineral  soil 
in  the  forest  may  contain  two  or  three  times  as  much  moisture  as  soil 
of  the  same  general  character  from  similar  situations  in  the  open. 

During  the  summer  it  is  impossible  to  determine  by  actual  measure- 
ment the  loss  of  water  from  the  soil  either  in  the  forest  or  in  the  open, 
because  conditions  as  to  moisture  content  constantly  vary.  During  the 
winter,  however,  the  evaporation  from  a  snow  surface  can  be  measured 
with  a  fair  degree  of  accuracy.  Measurements  made  in  the  San 
Bernardino  Mountains  show  that  evaporation  from  snow  surfaces  may 
be  four  or  five  times  as  great  as  from  water  surfaces  imder  similar 
exposure,  and  also  that  the  rate  of  snow  evaporation  is  profoundly 
influenced  by  the  wind.  In  our  Western  mountains,  where  the  snows 
are  exposed  to  dry  winds,  the  loss  through  evaporation  is  a  large  per- 
centage of  the  total  snowfall.  In  the  Sa«  Bernardino  Mountains, 
snowfalls  a  foot  in  depth  are  sometimes  evaporated  in  two  or  three 
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days  without  even  moistening  the  soil.  In  so  far  as  forests  check  the 
winter  winds  and  provide  shade,  they  lessen  winter  evaporation. 
This  lessening  of  the  evaporation  from  snow  surfaces,  through  the 
action  of  forests,  is  seen  in  the  fact  that  snows  linger  much  later  in 
spring  in  well-wooded  regions  than  in  open  areas. 

It  appears,  then,  that  forests  materially  retard  evaporation,  both  of 
soil  moisture  and  of  snowfall. 

DO  FORESTS  INFLUENCE  TRANSPIRATION? 

A^hen  land  is  covered  with  vegetation  a  certain  Amount  of  the  rainfall 
is  taken  up  by  the  growing  plants.  A  small  part,,  through  chemical 
change,  becomes  incorporated  into  the  plant,  but  the  larger  part  is 
returned  to  the  atmosphere  through  transpiration.  Although  those 
who  have  investigated  this  subject  are  by  no  means  in  accord,  there  is 
reason  to  believe  that  considerable  difference  exists  in  the  amount  of 
water  taken  up  by  the  different  types  of  vegetation  in  the  process  of 
growth.  On  the  whole,  the  forest  probably  takes  up  less  water  from 
the  soil  than  the  average  agricultural  crop.  Risler,  from  a  lengthy 
series  of  investigations,  reached  the  conclusion  that  forests  actually 
take  up  less  than  one-half  as  much  water  from  the  soil  as  the  average 
agricultural  crop. 

The  above  would  lead  one  to  infer  that  where  the  soil,  if  not  covered 
with  forest  growth,  is  clothed  with  grass  or  some  other  low  form  of 
vegetation,  the  return  of  moisture  to  the  atmosphere,  through  evapora- 
tion and  transpiration,  or,  in  other  words,  the  *' fly -off,"  is  less  from 
the  forest  than  from  the  open.  But  in  regions  having  a  short  wet 
season  followed  by  a  long  dry  one  the  return  of  moisture  to  the  atmos- 
phere is  probably  greater  from  a  forested  area,  because  in  the  open 
for  a  large  part  of  the  year  there  is  very  little  to  evaporate,  and  the 
scanty  growth  of  grass  and  other  low  forms  of  vegetation  gives  little 
opportunity  for  loss  through  transpiration. 

THE   INFLUENCE   OF  FORESTS  IN  REGULATING  THE  RUN-OFF. 

Stream  flow  consists  of  both  surface  run-off  and  seepage  run-off. 
Although  these  two  can  not  be  separately  determined,  total  run-off 
admits  of  accurate  measurement.  Surface  run-off  may  be  considered 
as  flood  water,  while  seepage  run-off  is  that  portion  of  the  drainage 
which  gives  the  streams  a  sustained  flow.  It  is  evident  that  any  factor 
which  decreases  the  surface  or  superficial  run-off  and  increases  the 
seepage  run-off  is  of  the  utmost  importance  in  regulating  the  flow  of 
streams. 

The  proportion  of  flood  water  to  seepage  is  influenced  by  the  rapidity 
of  the  rainfall.  It  is  well  known  from  direct  observation  that  a  slowly 
falling,  prolonged  rain,  even  on  the  naked  soil  of  steep  slopes,  is  all 
taken  up  by  the  soil.     On  the  other  hand,  a  heavy  shower  of  short 
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duration,  falling  on  the  same  slope,  may  largely  escape  as  run-oflf.  In 
the  first  instance  each  drop  has  time  to  be  absorbed  by  the  soil,  while 
in  the  latter  the  accumulation  of  drops  is  more  rapid  than  the  absorp- 
tion, and  the  excess  moves  over  the  surface  to  lower  elevations.  The 
forest  canopy  very  perceptibly  extends  the  period  of  time  during  which 
the  rain  reaches  the  soil,  and  in  this  way  lessens  surface  run-oflf. 

Again,  forests,  by  checking  the  velocity  of  the  wind  and  covering 
the  mineral  soil  with  a  thick  layer  of  dead  leaves  and  other  forest 
litter,  eflfectively  prevent  soil  transportation  by  both  wind  and  water. 
On  high  elevations,  ^here  streams  generally  have  their  birth,  the  influ- 
ence of  the  forest  in  this  respect  is  of  the  utmost  importance.  So  great 
is  this  influence  that  it  exerts  a  marked  eflfect  upon  topography.  In 
mountainous  regions  particularly^  the  repeated  destruction  of  forests 
permits  the  soil  formed  by  the  decomposition  of  the  rocks  at  the  sources 
of  streams  to  be  transported  to  lower  elevations,  with  a  consequent  slow 
change  in  the  details  of  the  landscape.  Such  regions,  if  unforest«d, 
are  apt  to  have  precipitous  slopes  and  scanty  soil  on  the  higher  eleva- 
tions. In  that  case  there  is  no  adequate  medium  to  absorb  the  rain, 
and  it  flows  over  the  surface.  On  the  other  hand,  if  such  regions  are 
well  wooded,  the  slopes  are  less  precipitous,  and  a  considerable  depth 
of  soil  usually  covers  the  broad  summits.  As  a  result,  the  rain  wat«r 
is  absorbed  and  the  surface  flow  is  reduced  to  a  minimum. 

Not  onl}'^  is  it  essential  to  have  an  adequate  medium  present  to  absorb 
the  rain,  but  it  must  be  of  such  cbai'acter  as  to  absorb  quickly.  The 
rapidity  with  which  rain  is  absorbed  is  very  largely  governed  by  the 
physical  properties  of  the  soil,  the  organic  litter  upon  it,  and  the 
vegetation.  Decayed  organic  matter,  by  itself  or  in  combination  with 
mineral  soil,  absorbs  moisture  much  more  rapidly-  than  soil  containing 
little  or  no  organic  matter;  hence,  the  greater  the  amount  of  leaf  mold 
and  other  litter,  the  more  rapidly  will  the  rain  be  absorbed.  Rapidity 
of  absorption  is  also  influenced  by  the  degree  of  looseness  of  the 
mineral  soil.  In  the  forest  the  mulch  of  leaves  and  litter  keeps  the 
mineral  soil  loose  and  in  the  best  condition  for  rapid  absorption. 

Not  all  the  rain  that  is  not  absorbed  by  the  soil  where  it  falls  reaches 
the  streams  by  flowing  over  the  surface.  Much  of  it  is  taken  up  in 
passing  from  the  place  of  falling  to  the  stream.  The  amount  taken 
up  depends  upon  the  obstructions  in  its  pathway.  Where  there  are 
no  obstacles,  as  on  barren  ground,  the  moving  water,  by  eroding 
channels,  forms  small  rivulets,  and  these  larger  and  larger  ones,  which 
flow  with  constantly  increasing  velocity.  As  a  result,  the  water  passes 
rapidly  over  the  surface,  and  but  little  gets  into  the  soil.  When  the 
soil  is  covered  with  obstructions,  such  as  are  oflfered  by  a  forest  with 
its  accumulation  of  litter  and  vegetable  growth,  the  rain  which  is  not 
immediately  absorbed  is  checked  in  its  flow  over  the  surface.  The 
water,  being  held  back,  is  finally  taken  up  b}^  the  soil  and  thus  pre 
vented  from  forming  small  rivulets  through  erovsive  action. 
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The  forest,  in  extending  the  time  during  which  the  rain  reaches  the 
soil,  in  its  effect  upon  local  topography,  and  in  supplying  a  larger  and 
better  absorbing  medium,  must  necessarily  have  a  profound  influence 
in  increasing  the  seepage  rim-off,  and  in  proportionately  decreasing 
the  surface  flow. 


COMPARISON  OF  RUN-OFF  FROM  FORESTED  AND  NONFORESTED  AREAS. 

There  are  so  many  complex  conditions  influencing  the  flow  of 
streams  that  it  is  extremely  difficult  to  determine  the  effect  of  forests 
on  run-off  by  the  comparison  of  the  discharge  of  streams  on  forested 
and  nonforested  catchment  areas.  It  is  believed  by  many  that  stream 
flow  is  so  largely  influenced  b}^  the  amount,  intensity,  and  character 
of  the  precipitation,  the  configuration  and  area  of  the  catchment  basin, 
the  character  of  the  absorbing  medium  and  the  underlying  rocks,  and 
the  general  climate,  as  well  as  the  forest  itself,  that  we  shall  probably 
never  be  able  to  measure  quantitatively  the  influence  of  forests  on  the 
flow  of  streams  by  the  comparison  of  forested  and  nonforested  regions. 
Catchment  ^reas  differ  so  greatly  in  the  features  mentioned  above  that 
our  most  conservative  and  able  investigators  have  been  forced  to  the 
conclusion  that  "  in  respect  to  run-off,  each  stream  is  a  law  unto  itself." 
Although  the  above  is  probably  in  the  main  true,  yet,  by  the  careful 
selection  of  small  catchment  basins  for  comparison,  it  appears  that  the 
influence  of  the  forest  in  diminishing  the  surface  run-off  can  be  deter- 
mined with  a  fair  degree  of  accuracy.  When  the  <^tchment  areas  com- 
pared are  in  the  same  region,  are  influenced  by  the  same  or  nearly  the 
same  climate  and  precipitation  and  by  the  sam^  storms,  have  approxi- 
mately the  same  configuration  and  area,  and  have  a  similar  mineral 
soil  and  underlying  rocks,  the  effect  of  these  various  factors  on  the 
run-off  can  be  ignored,  and  the  differences  in  the  behavior  of  the  stream 
flow  on  the  forested  and  nonforested  areas  can  be  assigned  to  the 
influence  of  the  forest. 

In  a  careful  study  of  the  behavior  of  the  stream  flow  on  several 
small  catchment  areas  in  the  San  Bernardino  Mountains,  it  has  been 
found  that  the  effect  of  the  forest  in  decreasing  surface  flow  on  small 
catchment  basins  is  enormous,  as  shown  in  the  following  tables,  where 
three  well-timbered  areas  are  compared  with  a  nontimbered  one: 

Precipitation  and  run-off  during  December,  1899. 


Area  of 

catchment 

basin. 


Sq.  mUes. 

0.70 

1.06 

1.47 

.53 


Condition  as  to 
cover. 


Forested 

do 

do 

Nonforeste<l 


Precipita- 
tion. 


Incha. 
19+ 
19+ 
19+ 
13- 


Run-ofF 

per  sQuare 

mile. 


Acre-feet. 

86- 

78+ 

70- 

812+ 


Runoff  in 
percent- 
age of  pre- 
cipitation. 


Per  <xnt. 

3 

6 

6 

40 


1 
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At  the  beginning  of  the  rainy  season,  in  earl}'^  December,  the  soil  on 
all  four  of  these  basins  was  very  dry  as  a  result  of  the  long  dry 
season.  The  accumulation  of  litter,  duff,  humus,  and  soil  on  the 
forest-covered  catchment  areas  absorbed  95  per  cent  of  the  unusually 
large  precipitation.  On  the  nonforested  area  only  60  per  cent  of  the 
precipitation  was  absorbed,  although  the  rainfall  was  much  less. 

Rainfall  and  run-off  during  Jantuinj,  February ,  and  March,  1900, 


Area  of 

catchment 

basin. 


Sq.  mUes. 

0.70 

1.05 

1.47 

.63 


Condition  as  to 
cover. 


Forested 

-...do 

do 

Nonforested 


Precipita- 
tion. 


Inches. 
24 
24 
24 
16 


Run-off 

per  aauare 

mile. 


Acre-feel. 
452+ 
428+ 
557+ 
828+ 


Run-off  in 
percent- 
age of  pre- 
cipitation. 


PcrcenL 
35 
33 
43 
95 


The  most  striking  feature  of  this  table  as  compared  with  the  previ- 
ous one  is  the  uniformly  large  run-off  as  compared  with  the  rainfall. 
This  clearly  shows  the  enormous  amount  of  water  taken  up  by  a  dry 
soil,  either  forested  or  nonforested,  as  compared  with  one  already 
nearly  filled  to  saturation.  During  the  three  months  here  noted,  on 
the  forested  basins  about  threeeighths  of  the  rainfall  appeared  in  the 
run-off,  while  on  the  nonforested  area  nineteen-twentieths  appeared  in 
the  run-off. 

Rapidity  of  decrease  in  run-off  after  the  dose  of  the  rainy  season. 


AreA  of 

catchment 

basin. 

Condition  as  to 
cover. 

Precipita- 
tion. 

April  run- 
off per 
square 
mile. 

May  run- 
on  per 
square 
mile. 

Acre-feet. 
66- 
70+ 

74+ 
2- 

1 
June  run- 
off per 
square 
mile. 

Sq.  miles. 

0.70 

1.05 

1.47 

.53 

Forested 

Inches. 
1.6 
1.6 
1.6 

1 

Acre-feet. 
153- 
146- 
166+ 

56+ 

Acre-feet. 

25- 

30- 

30+ 

0 

do 

do 

Nonforested 

The  above  table  clearly  shows  the  importance  of  forests  in  sustain- 
ing the  flow  of  mountain  streams.  The  three  forested  catchment 
areas,  which,  during  December,  experienced  a  run-off  of  but  5  per 
cent  of  the  heav}'^  precipitation  for  that  month,  and  which  during  Jan- 
uary, February,  and  March  of  the  following  year  had  a  run-off  of 
approximately  37  per  cent  of  the  total  precipitation,  experienced  a 
well-sustained  stream  flow  three  months  after  the  close  of  the  rainy 
season.  The  nonforested  catchment  area,  which,  during  December, 
experienced  a  run-off  of  40  per  cent  of  the  rainfall,  and  which  during 
the  three  following  months  had  a  run-off  of  95  per  cent  of  the  precip- 
itation, experienced  a  run-off  in  April  (per  square  mile)  of  less  than 
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one-third  of  that  from  the  forested  catchment  areas,  and  in  June  the 
flow  from  the  nonforested  area  had  ceased  altogether. 

DO  FORESTS  INCREASE   THE  RUN-OFF? 

Owing  to  the  very  complex  nature  of  the  investigation  involved  in 
determining  the  effect  of  forests  on  the  amount  of  run-off,  the  avail- 
able evidence  does  not  admit  a  definite  answer  that  will  be  of  general 
application.  It  is  reasonably  certain  from  present  evidence  that  in 
some  regions  the  effect  of  the  forest  is  materially  to  increase  the  run- 
off. It  appears  equally  certain,  however,  that  in  other  regions,  and 
on  certain  classes  of  catchment  areas,  the  effect  of  the  forest  is  to 
materially  decrease  the  stream  flow. 

Mr.  Rafter,  in  his  recent  publication,  "Relation  of  rainfall  to  run- 
off," makes  this  statement:  "With  similar  rainfalls,  two  streams,  one 
in  a  region  having  dense  primeval  forests,  the  other  in  a  region 
wholly  or  partially  deforested,  will  show  different  run-off.  The  one 
with  the  dense  forest  will  show  a  larger  run-off  than  the  stream  in  the 
deforested  area."  This  author  concludes,  from  the  careful  study  of  a 
large  number  of  catchment  areas  in  the  State  of  New  York,  that  the 
effect  of  the  forest  on  at  least  a  portion  of  the  area  studied  is  to 
increase  the  run-off  to  an  amount  equal  to  from  5  to  6  inches  in  depth 
over  the  entire  catchment  area. 

In  humid  regions,  where  the  precipitation  is  fairly  evenly  distrib- 
uted over  the  year,  and  where  the  catchment  area  is  sufficiently  large 
to  permit  the  greater  part  of  the  seepage  to  enter  the  stream  above 
the  point  where  it  is  gauged,  the  evidence  accumulated  to  date 
indicates  that  stream  flow  is  materially  increased  by  the  presence  of 
forests. 

In  regions  characterized  by  a  short  wet  season  and  a  long  dry  one, 
as  in  southern  California  and  many  other  portions  of  the  West, 
present  evidence  indicates,  at  least  on  small  mountainous  catchment 
areas,  that  the  forest  very  materially  decreases  the  total  amount  of 
run-off. 

Annual  rainfall  and  run-off  on  forested  and  nonforested  catchment  areas  in  the 

San  Bernardino  Mountains,  California, 


Area  of 

catchment 

basin. 

Condition  as  to 
cover. 

Precipita- 
tion. 

Run-off 

per  square 

mile. 

Run-off  in 
percent- 
age of  pre- 
cipitation. 

Sq.  miles. 

0.70 

1.05 

1.47 

.53 

Forested 

Inches. 
46 
46 
46 
33 

Acre-Jeet. 

731 

756 

904 

1,192 

Percent. 
28 
30 
86 
69 

do 

do 

Nonforested 

« 
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On  small  nonforested  catchmeDt  areas  in  the  West,  and  possibly 
on  large  ones  as  well,  a  very  large  part  of  the  heavy  precipitation 
of  the  rainy  season  flows  over  the  surface,  quickly  reaches  the  stream, 
and  is  discharged  from  the  catchment  area  as  flood  water,  much  as 
water  escapes  from  the  roof  of  a  building.  On  such  areas  the  actual 
loss  through  evaporation  during  the  dry  season  is  probably  far  less 
than  from  a  well- wooded  area,  because  the  surface  soil  and  streams 
are  dry  and  there  is  very  little  moisture  left  to  evaporate.  On  such 
denuded  areas  it  appears  that  the  run-off  for  the  few  months  that  the 
streams  flow  is  considerably  larger  than  that  for  the  entire  year  from 
similar  forested  areas.  Although  a  nonforested  .area  may,  in  certain 
instances,  produce  a  larger  run-off  than  a  forested  one,  this  probably 
never  occurs  except  when  the  run-off  from  the  nonforested  area  is 
largely  flood  water,  and  of  destructive  rather  than  constructive 
significance. 

CONCLUSION. 

In  conclusion,  it  may  be  said  that  although  the  forest  may  have,  on 
the  whole,  but  little  appreciable  effect  in  increasing  the  rainfall  and 
the  annual  run-off,  its  economic  importance  m  regulating  the  flow  of 
streams  is  beyond  computation.  The  great  indirect  valu^  of  the  forest 
is  the  effect  which  it  has  in  preventing  wind  and  water  erosion,  thus 
allowing  the  soil  on  hills  and  mountains  to  remain  where  it  is  formed, 
and  in  other  ways  providing  an  adequate  absorbing  medium  at  the 
sources  of  the  water  courses  of  the  country.  It  is  the  amount  of  water 
that  passes  into  the  soil,  not  the  amount  of  rainfall,  that  makes  a 
region  garden  or  desert. 
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THE  INFLUENCE  OF  FORESTRY  UPON  THE  LUMBER 

INDUSTRY. 

By  Overton  W.  Pkice, 
Assistant  Forester,  Bureau  of  Forestry. 

DEVELOPMENT   OF   THE    LUMBER   INDUSTRY. 

The  development  of  the  lumber  industn'  in  this  country  is  without 
parallel.     It  now  I'anks  fourth  among  the  great  manufacturing  indus- 
tries of  the  United  States,  and  represents  an  invested  capital  of  about 
^11,000,000  and  an  annual  outlay  of  over  $100,000,000  in  wages.     It 
affords  through  it^  three  great  branches — the  logging  industry,  the 
sawmill  industry,  and  the  planing-mill  industry- — a  means  of  livelihood 
to  considerably  over  a  million  persons.     The  annual  value  of  the  prod- 
ucts, which  has  multiplied  nearly  ten  times  in  the  last  half  century, 
is  ^66,000,000.     But  although  the  rapid  development  of  the  lumber 
industiT  has  had  far-reaching  results  in  furthering  every  ])i*anch  of 
manufacture  which  depends  upon  wood,  it  has  been  fundamentally 
unsound  in  principle.     The  settler  who  cuts  and  sells  trees  without 
forethought  from  land  tit  only  for  forest  growth  has  not  enriched 
himself  in  the  long  run.     The  havoc  which  ha>s  been  wrought  in  the 
forests  of  the  United  States  has  turned  trees  into  money,  but  has  put 
the  balance  on  the  wrong  side  of  the  sheet  by  rendering  vast  areas 
unproductive.     It  is  the  history  of  all  great  industries  directed  by 
private  interests  that  the  necessity  for  modification  is  not  seen  until 
the  harm   has   been  done  and   its    results  are  felt.     This  fact  has 
been  emphasized  in  the  lumber  industry— in  the  earlier  days  b}^  the 
instinctive  feeling  of  the  colonist  again.^t  his  natural  enemy,  the  forest, 
and  later  by  the  remarkable  inducements  offered  by  lumbering  for 
present  profit  only.     The  first  settlers  had  two  objects  in  view  in  their 
attack  upon  the  forest — the  one  to  clear  land  for  their  farms,  the 
other  to  procure  wood  for  their  buildings,  fuel,  and  fences.     As  the 
tide  of  colonization  rose,  and  as  the  uses  for  wood  in  manufacture 
increased  in   number  and   extent,   lumbering  rapidl}'   assumed   the 
proportions  of  a  business  enterprise,  and  from  supph  ing  onh'  per- 
sonal wants   it  became  profitable  to  supply  also  those  of    others. 
With  an  apparently  inexhaustible  supply  of  timber  available,  and  with 
an  insistent  and  growing  demand,  the  lumber  industry"  came  to  offer 
remarkable  opportunities  for  money  making.     Step  by  step  with  its 
development  improvement  in  tools  and  machinery  took  place.     The 
changes  that  enterprise  and  ingenuity  have  wrought  in  the  American 
sawmill  are  no  less  wonderful  than  those  which  have  taken  place  in  the 
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American  locomotive.  From  ''whip  sawing/-  in  which  the  boards 
were  sawed  out  by  hand,  to  the  modern  steam  sawmill,  with  its  rail- 
road (PL  XXX),  its  planing  mill,  and  its  cut  of  nearly  half  a  million 
board  feet  per  day,  is  a  long  step — but  it  has  not  taken  much  over 
fifty  years  to  accomplish  it.  In  effective  methods  for  the  harvesting 
and  manufacture  of  lumber  the  American  lumberman  has  no  superior, 
nor  is  he  equaled  in  his  disregard  for  the  future  of  the  forest  which 
he  cuts. 

SOME   RESULTS  TO  BE    SECURED   BY   CONSERVATIVE   LUMBERING. 

It  is  natural  that  the  lumberman  should  not  turn  eagerly  from  a 
system  whose  only  aim  is  to  secure  the  highest  possible  present  profit 
from  the  forest  to  one  which  includes  provisions  for  the  production 
of  a  second  crop  upon  the  lumbered  area.  Under  conservative  methods 
lumbering  becomes  a  legitimate  industry  for  the  production  as  well  as 
for  the  consumption  of  its  sbiple.  It  no  longer  offers,  however,  the 
short  cut  to  fortune  \vhich  it  proved  to  be  so  long  as  an  abundance  of 
timber  rendered  the  old  methods  of  lumbering  possible.  It  is  difiicult 
for  lumbermen  generally  to  realize  that  the  time  for  practical  forestry 
has  fully  arrived.  But  signs  more  significant  than  any  existing  statis- 
tics point  to  the  imminent  failure  in  the  supply  of  certain  timljers 
in  the  United  States.  From  the  data  available,  there  is  no  wav  to 
foretell  accurately  the  time  necessary  to  exhaust  this  supply  of  mer- 
chantable timber  at  the  present  rate  of  consumption.  A  good  many 
estimates  of  the  merchantable  timber  standing  have  been  made,  some 
of  which  have  already  proved  fallacious.  To  predict  accurately  how 
long  it  will  be  before  the  United  States  is  confronted  by  a  timber 
famine  would  require  first  of  all  a  knowledge  of  the  composition, 
quality,  and  condition  of  the  forests,  which  it  would  take  many 
years  to  obtain.  At  present  such  an  estimate  is  of  little  practiail 
value.  We  do  know  that  the  supply  of  timber  of  many  kinds  is  fail- 
ing, of  other  kinds  is  almost  Exhausted,  and  of  others  is  pi'actically 
gone;  that  Black  Walnut  is  no  more  to  be  had  except  in  small  quan- 
tities and  at  enormous  (expense;  that  first-growth  White  Pine  is  grow- 
ing rapidly  to  bo  a  rarity  on  the  market;  that  where  the  supph^  of 
spruce  for  pulpwood  and  for  lumber  for  the  next  ten  years  is  to  be 
found  is  a  grave  question  before  the  lumbermen  to-da}^  The  list  of 
woods  accepted  as  merchantable  lengthens  from  yeiir  to  year,  species 
hitherto  considered  valueless  being  hai  vested  more  and  more  willingly 
as  the  result  of  the  exhaustion  of  more  valuable  kinds.  In  spite  of 
steady  improvement  in  tools,  logging  outfits,  and  mill  machinery,  all 
tending  to  (heai)en  the  cost  of  lumbering,  the  price  of  lumber  increases 
steadily  and  mpiJiy.  These  are  facts  more  significant  than  predic- 
tions in  terms  of  years  of  the  life  of  the  lumber  industry.  The  exact 
period  for  which  the  existing  supplies  are  sufficient  is  a  matter  of 
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Plate  XXXI. 


—The  Result  or  Lumberino  and  Fire  in  Minnesota. 
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detail.  The  vital  point  lies  in  the  crisis  which  the  lumber  industry  is 
approaching  in  the  exhaustion  of  the  material  on  which  its  existence 
depends.     (See  Pis.  XXXI  and  XXXII.) 

ELIMINATION   OF  THE   LARGE   SAWMILL. 

The  general  application  of  forestry  to  forest  lands  owned  by  lumber- 
men will  probably  result  in  the  gradual  elimination  of  the  large  saw- 
mill and  the  substitution  of  those  of  moderate  size.  The  mammoth 
milling  plant  will  be  rare  when  only  second  growth  is  left  to  supply 
it,  for  the  area  of  timber  land  sufficient  to  produce  the  logs  necessary 
to  run  such  a  plant  is  enormous.  It  is  reasonable  to, expect  that  the 
mill  of  moderate  size,  supplied  by  a  forest  whose  production  is  equal 
to  the  mill's  annual  capacity,  both  xmder  the  same  management,  will 
become  more  and  more  the  rule.  The  verv  existence  of  the  enor- 
mous  mill  is  the  result  of  an  abundance  of  timber  resources,  which 
exi«t  no  longer  except  in  a  very  few  sections.  In  Europe  the  long- 
continued  application  of  conservative  measures  in  lumbering  has 
resulted  in  a  distribution  and  type  of  sawmill  little  known  in  this 
country.  Sawmills  of  large  size  do  not  exist,  but  in  their  stead  small 
sawmills,  for  which  water  generally  supplies  the  power,  are  distributed 
throughout  the  country  wherever  the  local  demand  is  sufficient  to  keep 
them  running.  Their  annual  cut  is  for  the  most  part  exceedingly 
small,  according  to  our  standards,  and  sufficient  only  to  supply  the 
wants  of  the  immediate!}'  adjacent  country.  The  mills  saw  largely  on 
order,  and  the  fact  that  their  construction  is  permanent  and  their  mo- 
tive power  cheap  enables  them  to  iTin  intermittently  without  loss. 
The  results  are  upon  the  whole  exceedingly  satisfactory.  The  man 
who  wants  lumber  gets  it  promptly,  and  without  pacing  an  added  cost 
for  long  transportation.  The  antiquated  constniction  of  European 
sawmills  is  often  such  that  the  American  lumberman  would  find  in 
them  but  a  proof  of  his  superior  ingenuity;  but  the  European  distri- 
bution of  milling  plants  has  its  strong  advantages  in  several  ways. 

DEVELOPMENT  OF  A   TRAINED  CLASS   OF   FOREST   WORKERS. 

The  general  application  of  conservative  methods  in  lumbering  will 
inevitably  result,  as  has  been  the  case  in  Europe,  in  the  development 
of  a  permanent  class  of  men  trained  to  forest  work.  Under  present 
naethods  this  result  can  never  be  attained  to  the  same  degree.  The 
lumbering  in  one  community  is  generally  so  short-lived  that  there  is 
neither  time  nor  necessity  to  train  up  a  body  of  men  on  the  ground  to 
carry  out  the  work.  The  result  is  that  Maine  and  Michigan  woodsmen 
are  found  working  in  the  hardwoods  of  the  Southern  Appalachians; 
loggers  from  Wisconsin  and  Minnesota  are  helping  to  cut  the  redwood 
on  the  Pacific  coast;  and  in  each  of  the  great  timber  regions  there  is  a 
mingling  of  lumbennen  from  several  of  the  others.  The  effect  has 
beeu  to  develop,  by  constant  labor  at  their  trade  under  widely  varying 
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conditions,  a  force  of  men  who  are  unequaled  for  enterprise  and  skill 
in  their  profession;  but  the  system  has  very  largely  failed  in  what  is 
of  infinitely  greater  importance  to  the  permanent  welfare  of  the  lumber 
industry — the  upbuilding  throughout  the  country  of  a  stable  class  of 
workers  in  the  woods,  locally  trained  and  carrying  on  their  work  each 
in  his  own  community.  The  advantages  of  such  a  condition  lie  in  an 
equitable  geographical  distribution  of  labor,  in  the  wholesome  influ- 
ence throughout  the  countr}"  of  a  class  whose  means  of  livelihood  is 
forest  w^ork,  and  in  the  fact  that  all  the  operations  of  lumbering  may 
in  this  way  l>e  conducted  more  cheaply  than  in  any  other. 

INFLUENCE   OF   FORESTRY   UPON  THE   PRICES  OF  LUMBER. 

The  eifect  upon  the  prices  of  lumber  which  will  result  from  the 
application  of  forestry  to  the  lumber  industry  will  be  strongly  marked. 
The  wide  fluctuation  characteristic  of  lumber  values  to-day  is  much 
more  the  result  of  conditions  within  the  industry  itself  than  of  varia- 
tions in  the  demand  for  the  product  of  the  forest.  The  uncertainty 
of  av^ailable  supplies,  the  lack  of  true  proportion  between  stumpage 
values  and  lumber  values,  the  speculative  features  which  the  industry 
now  presents,  have  all  tended  to  produce  an  exceedingly  unstable  and 
abnormal  fluctuation  in  the  prices  of  lumber,  with  a  marked  disposition 
toward  rapid  increase.  Under  forestry  the  speculative  element  can 
not  exist.  The  cost  of  producing  timber,  plus  a  legitimate  profit, 
will  be  the  basis  upon  which  the  value  of  it  will  be  fixed.  The  annual 
output  of  the  country  will  be  no  longer  a  matter  of  conjecture,  and  a 
steady  and  normal  range  of  prices  for  lumber  will  be  the  inevitable 
result. 

CONCLUSION. 

The  influence  of  forestry  upon  the  lumber  industry  is  not  a  matter 
of  conjecture.  The  details  will  have  to  work  themselves  out,  but  the 
broad  results  of  conservative  forest  policy  on  the  part  of  private 
owners  are  plain.  The  lumber  industry  in  the  United  States  is 
approaching  a  crisis.  There  is  no  more  doubt  that  conser\'ative  meth- 
ods will  be  applied  to  lumbering  in  this  country  than  there  is  of  the 
development  of  irrigation,  of  regulation  of  grazing,  of  the  application 
of  improved  methods  in  agriculture,  or  of  any  other  modification  to 
which  private  as  well  as  public  interests  point  the  way.  How  long 
it  will  be  l>efore  the  results  of  practical  forestry  make  themselves  gen- 
erally felt  it  is  impossible  to  foretell;  but  the  fact  remains  that  there 
will  be  established  in  this  as  in  other  countries  in  which  conser^•ative 
lumbering  has  follow^ed  wasteful  lumbering  a  legitimate  and  perma- 
nent industry,  characterized,  as  has  been  stated,  by  conditions  under 
which  speculation  can  not  exist.  Prices  will  continue  normal  and 
steady,  and  the  quantity  of  timber  produced  will  be  the  main  factor  in 
regulating  consumption. 
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THE  MISSISSIPPI  RIVER  FLOOD. 

[Report  No.  2.] 

Since  the  publication,  on  April  12,  of  a  statement  relative  to  ^ the 
agricultural  interests  of  the  submerged  districts  of  the  Mis^ssipj)i 
Valley  south  of  Cairo,  111.,  the  area  under  water  has  been  consideJ^ql)ly 
extended. 

EXTENSION   OF   FLOODED   REGION. 

This  extension  is  below  Vicksburg,  Miss.,  but  on  the  right,  or  west, 
side  of  the  river,  and  is  mainly  due  to  a  break,  2,000  feet  in  width,  in 
the  levee  at  Biggs.  The  outflow  of  water  at  this  point  has  totally  sub- 
merged four  parishes  (counties)  of  Louisiana,  and  partially  overflowed 
five  others,  while  a  break  at  Lafourche  Crossing,  in  the  southern  part 
of  the  same  State,  has  resulted  in  the  submergence  of  an  additional 
area  of  nearly  300  square  miles  in  Lafourche  and  Terrebonne  parishes. 

In  this  newly  submerged  region  there  was  in  1890  a  total  popula- 
tion of  82,350,  in  the  proportion  of  four  colored  persons  to  one  white. 

\ 

FARMS,  ACREAGE,  AND  PRODUCTS. 

t 

The  region  contained  at  the  last  census  7,747  farms,  with  a  total 
area  of  over  1,000,000  acres,  of  'which  420,000  acres  Were  improved. 
Of  this  last  mentioned  area  213,000  acres,  or  over  one-half,  were  last 
year  devoted  to  cotton,  over  01,000  acres  to  corn,  C,000  acres  to  sugar 
cane,  2,000  acres  to  hay,  and  an  inconsiderable  acreage  to  other  crops. 

The  total  value  of  these  farms,  including  fences  and  buildings, 
but  exclusive  of  their  movable  equipment,  was  in  1890  close  upon 
$11,000,000,  and  the  value  of  the  implements  and  machinery  upon 
them  was  over  $000, 000.  On  January  1  of  the  present  year  they 
contained  live  stock  to  the  value  of  one  and  one-half  million  dollars, 
and  so  lately  as  the  1st  of  March  last  they  were  estimated  to  have 
still  on  hand  about  $800,000  worth  of  the  crops  of  last  season.  The 
total  value  of  the  farms  submerged  by  the  breaks  in  the  levees  that 
have  occurred  since  the  10th  instant,  with  their  farm  implements, 
live  st(x;k,  and  crops  on  hand,  is,  therefore,  close  upon  $14,000,000. 


This  region  pro- 
duced last  year 
nearly  100, 000  bales 
of  cotton,  over 
9,000,0(*0  pounds 
of  sugar,  over 
1,300,000  bushels  of 
com,  besides  hay, 
potat'OeB,  oata,  and 
other  minor  prod- 
ucts, the  entire  pro- 
duction a^r^at- 
ing  a  value,  even  at 
the  low  prices  tliat 
prevailed,  of  more 
than  four  and  one 
quarter  million 
dollars. 

TOTAL  SUBMERGED 
AREA  AND  ITS 
AGRICrLTLRAL 
INTERESTS. 

The  total  area 
submerged  at  this 
date  is  over  20,000 
square  miles.  It 
contained  at  the  last 
census  46,935  farms, 
with  a  total  area  of 
4,904,46^  acres, 
nearly  one-half  of 
which  was  im- 
proved, and  a  total 
population,  agricul- 
tural and  other,  of 
462,041.  If,  to  the 
value  of  its  farms, 
farm  buildings,  and 
farm  machinery, 
according  to  "the 
censuH  of  1890, 
there  be  added  the 
value  of  its  live 
stock  on  Januan'  1 


last  ($0,174,636),  and  of  its  products  of  last  season  still  on  hand  on 
March  1  last  ($4,596,179),  the  total  of  $90,176,177  will  represent  the 
approximate  value  of  the  agricultural  property  of  the  submerged 
region.  Among  the  products  of  this  region  last  year  were  466,056 
bales  of  cotton,  worth  $16,312,060;  12,525,645  bushels  of  com,  worth 
$3,905,278,  and  9,033,878  pounds  of  sugar,  worth  $271,016,  the  total 
production,  including  minor  crops,  representing  a  value  of  $21,782,- 
180  on  the  jJantation. 

FARM  PROPERTY  LIABLE  TO  DAMAGE. 

The  accompanying  tables,  prepared  under  the  direction  of  the 
Statistician,  contain  an  estimate  of  the  amount  of  farm  property 
liable  to  damage  in  the  flooded  district  of  Louisiana. 

Table  No.  1  shows  the  estimat<^d  population  of  the  flooded  district, 
bv  color. 

Table  No.  2  contains  the  estimated  number  of  farms,  the  total 
number  of  acres,  the  acres  improved,  and  the  acreage  imder  the 
principal  crops  in  1896. 

Table  No.  3  shows. the  estimated  capital  invested. 

Table  No.  4  shows  the  quantities  and  values  of  the  principal  farm 
products  raised  in  the  flooded  territory  in  1806. 

As  the  Division  of  Statistics  makes  no  estimates  of  crops  by 
counties,  the  proportions  existing  between  the  counties  in  the 
flooded  districts  and  the  total  for  the  State  during  the  census  year 
have  been  presumed  to  be  correct  for  the  present  period,  and  have 
been  used  in  making  these  estimates. 

LOUISIANA. 

Table  No.  1.— Population  of  flooded  territory,  IS'.H). 

White _ 17,275 

Colored 65.081 

Total  population _ 8'2,356 

Table  No.  2. — Number  and  acreage  of  farms  submerged  April  19,  ISfi7. 

Number  of  farms 7, 747 

Number  of  acres  in  farms _ 1,027,265 

Number  of  acres  improved 42(),4H8 

Acreage  under  principal  crops  in  1896 : 

Cotton  .- _ 213,465 

Com - _ 91,507 

Sugar _ 6,(M)() 

Hay  .- -. 2,014 

Potatoes 800 

Oats - 494 

Total  acreage  under  principal  crops 814. 2S0 
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Table  No.  8. — Capital  invested. 

Value  of  farms  and  improvements _ .  §10,956,945 

Value  of  implements,  etc _ _ 611,809 

Costof  fertilizers _ 22,097 

Value  of  live  stock  on  hand  January  1,  1897: 

Horses 262,841 

Mules 712.994 

Milch  cows _  181.368 

Other  cattle.-.-- 158,529 

Sheep -- - 4,«6H 

Swine - 169.845 

Total  value  of  livestock 1,490,445 

Value  of  crops  on  hand  March  1,  1897: 

Com--- -... 191,067 

Wheat _ 

Oats - -.- - 1.680 

Cotton 605,190 

Total  value  of  crops  on  hand 797,937 

Total  capital  invested _ 13,879,233 


Table  No.  4. — Quantities  and  values  of  the  principal  f ami  products  raised  in  the 

flooded  territory  of  Louisiana  in  1896. 

'  Production.       Value. 


Crops  of  1896: 

Cotton bales- 

Com  - - bushels. 

Sugar pounds. 

Hay - tons- 

Potatoes bushels-.  44.(MK)  33,440 

Oats- - do...-  4,940  1,684) 


96,059  $3,362,165 

1,326,852  597,083 

9,033,878  271,016 

3,827  33,846 


Total  value  of  crops 4,299,230 

•  ~ "      -      -  _---_  — 

Live  stock  raised  in  1896 :  *  NnmlH>r. 

Horsesfoaled |  771  7,247 

Mulesfoaled :  62  930 

Calves  dropped .._- '.  6.541  22,772 

Lambsdropped 1,237  1,113 


Total  value  of  live  stock 32,062 

Total  value  of  crops  and  live  stock  - , 4,331,292 


*  As  all  live  stock  shown  In  Table  4  must  be  les8  than  one  year  old,  the  average  value  Is  neces- 
sarily low. 

Chas.  W.  Dabney,  Jr., 

Special  Agent  in  Charge  of 

Scientific  and  Statistical  Work. 
Approved : 

James  Wilson, 

Secretary, 

Washington,  D.  C,  April  22^  1897. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depabtment  of  Aobicultube, 

Office  of  Ezfebiment  Stations, 

Washington,  D,  C,  AprU  26, 1912. 

Sm:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  a  circular  of  this  office  a  manuscript  describing  a  work- 
ing erosion  model  designed  to  illustrate  graphically  the  erosion  of 
hillsides  and  the  destruction  of  farms  in  the  lower  valleyB  following 
the  complete  removal  of  forests  from  the  hills.  The  model  has  been 
thoroughly  tested  at  expositions  and  is  one  that  can  easily  be  con- 
structed in  a  school  building  for  use  by  classes  in  nature  study,  agri- 
culture, and  physical  geography. 

Respectfully,  A.  C.  Tbub, 

Director. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 

4M68*-Cir.  117— U 
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ILLUSTRATIONS. 


Fig.  1.  Model  showing  the  effects  of  rainfall  upon  two  adjacent  hills,  one  cov- 
ered with  forest  growth  and  the  other  devoid  of  such  protection 5 

2.  Top  plan  of  model ,. 7 

8.  Vertical  section  of  model 8 

4.  Front  elevation  of  model 9 
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A  WORKING  EROSION  MODEL  FOR  SCHOOLS. 


B88BNTIAI.  TXATmtXB  OF  TBX  KOBEL. 

A  working  model  showing  tlie  processes  of  erosion  on  deforested 
slopes  has  been  a  feature  of  exhibits  made  by  the  Forest  Service  at 
recent  expositions.  It  shows  the  working  out  of  the  natural  phenom- 
ena so  well,  and  is  so  simple  and  inexpensive  to  construct,  that  a 
description  is  here  given  of  a  similar  model  which  might  be  erect«d  in 


schools  for  the  use  of  classes  in  nature  study,  elementary  agriculture, 
and  physical  geography. 

The  model  consists  of  two  hiUs  sloping  down  into  two  vaUeys 

through  which  two  streams  wind  in  and  out  through  farm  land  and 

lead  into  two  lakes  at  the  front  of  the  landscape.    (Fig.  1.)    Both  hills 

are  made  of  the  same  kind  of  soil,  that  of  the  re^on  in  which  the 
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model  is  erected,  but  one  is  covered  thickly  with  twigs,  young  trees, 
or  shrubs,  to  simulate  a  forest,  underneath  which  is  a  heavy  carpet  of 
moss  representing  the  layer  of  leaves  and  twigs  which  covers  the 
ground  in  the  real  forest,  while  the  other  hill  is  bare  of  all  vegetation. 

By  means  of  a  suitable  sprinkling  device  water  in  the  form  of  rain 
is  made  to  fall  with  equal  force  upon  the  two  hills.  On  the  forested 
slope  its  fall  is  broken  by  the  foliage  and  it  drops  gently  upon  the 
moss-covered  surface  of  the  ground.  The  moss  and  the  soil  beneath, 
which  is  kept  soft  and  porous  by  the  protective  cover,  quickly  absorb 
the  rain  and  allow  it  to  seep  out  as  clear  water  farther  down  i^e  slope, 
thus  forming  a  mountain  stream  which  flows  through  a  green  and 
fertile  valley  into  a  clear  lake  at  the  lower  end  of  the  model. 

On  the  other  slope  the  rain  beating  down  upon  the  unprotected 
and  hardened  surface  washes  deep  gullies  in  the  hillside,  carries  the 
soU  into  the  turbid  stream  which  drains  the  valley  below,  and  thence 
into  a  muddy  lake.  The  erosion  on  the  slope  loosens  stones,  which 
are  carried  down  upon  the  valley  farms;  the  silt  deposited  in  the  chan- 
nel of  the  stream  diverts  the  water,  which  opens  up  gullies  through 
the  dry  land ;  the  main  stream  is  made  shallower  and  wider  and  often 
overflows  into  the  fields;  islands  and  silt  bars  rise  in  the  stream;  and 
deltas  are  built  up  in  characteristic  form  at  the  entrance  to  the  lake. 

The  erosion  processes  which  work  themselves  out  in  this  model,  the 
wearing  down  of  the  hill,  the  silting  up  of  the  stream  bed,  the  gradual 
shifting  of  the  course  of  the  stream,  the  formation  of  deltas  and  sand 
bars  in  the  lake,  and  the  gradual  opening  up  of  watercourses  through 
them  are  all  typical  of  the  processes  constantly  going  on  in  nature 
and  show  strikingly  the  close  relationship  between  forests  and  surface 
formation.  It  is  the  same  process  of  erosion  on  a  larger  scale  which, 
after  the  destruction  of  our  forests,  causes  the  removal  of  the  top  soil 
from  our  slopes,  cuts  them  up  into  gullies,  and  deposits  sand  and 
gravel  upon  the  fertile  alluvisJ  soil  of  the  bottom  lands,  in  storage 
reservoirs,  or  in  the  channels  of  streams,  where  it  impedes  naviga- 
tion and  causes  overflow. 

While  the  model  is  not  intended  primarily  to  show  more  than  the 
erosion  processes,  it  can  be  used  to  show  also  that  a  forest-covered 
slope  acts  as  a  reservoir  in  impounding  the  water  and  allowing  it  to 
seep  slowly  into  tiie  streams,  and,  on  the  other  hand,  that  water  runs 
off  the  surface  of  a  bare  slope  as  soon  as  it  faUs,  resulting  in  floods 
when  the  precipitation  is  heavy  and  in  droughts  during  a  dry  season. 
If  the  sprinkler  is  stopped  and  all  the  water  taken  out  of  both  of  the 
streams  and  the  lakes,  the  lake  on  the  forested  side  wiU,  within  a  few 
hours,  receive  a  considerable  amount  of  water  as  seepage  from  the 
wooded  hillside,  while  the  other  lake  will  remain  practically  empty. 

[Clr.  117] 


0OH8TBTT0TZON  OF  THE  XOBBL. 

ConvenieDce  may  determine  the  size  of  the  model.  It  may  be  as 
small  as  4  feet  square,  but  7  feet  square  is  probably  a  better  size  for 
workiiig  out  all  of  the  phenomena.  Directions  are  here  ^ven  for  a 
model  5  feet  square. 

Construct  a  strong  tray  measuring,  on  the  inside,  5  feet  square  and 
about  6  inches  deep,  with  the  sides  reenforced  with  heavy  nails  so  as 
to  resist  the  warping  of  the  wood  when  wet.  The  bottom  of  the  tray 
should  be  made  of  tongued  and  grooved  material  nmn^g  from  front 
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FiO.  2.— Top  pbm  o(  modsL 

to  rear  and  made  water-tight  with  lead  paint  between  the  planks  and 
paraffin  over  the  seams.  (Fig.  2.)  The  paraffin  should  be  appUed 
hot  aad  plenty  should  be  used.  The  rear  of  the  tray  might  be  placed 
against  the  wall  2  feet  4  inches  from  the  floor,  and  the  front  placed 
on  legs  2  feet  high.  This  will  ^ve  a  sufficient  slant  for  good  drain- 
age.    (Fig.  3.) 

Now  fill  the  tray  within  about  2  inches  of  the  top  with  rubble  and 
earth,  with  the  general  slant  of  the  surface  toward  the  center  of  the 
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front  of  the  tray.  Sli^t  depressions  should  be  made  in  the  soil,  as 
foundations  for  the  two  streams,  and  two  lai^e  depressions  should  be 
left  in  the  front  comers  for  the  lakes.  Drainage  of  these  lakes  should 
be  provided  for  by  shallow  channels  running  from  their  surfaces  to  a 
drainpipe  in  the  middle  of  the  front  of  the  tray  or  in  some  other 
suitable  place. 

Next,  place  from  1  to  2  inches  of  mortar,  conaisting  of  about  one 
part  cement  and  two  parte  sand,  over  the  entire  surface.     The 


It 


f-l 

i! 
ii 


no.  (.-Vtniial  ttBOm  of  nodM. 

mortar  should  be  stiff  enough  to  maintain  ite  shape.  Work  in  the 
stream  beds  and  the  lake  depressions  before  tbe  mortar  sets,  taking 
care  that  the  outlets  of  the  lakes  are  only  slightly  lower  than  the 
intakes  at  the  mouths  of  the  streams.  Of  course,  the  more  irregular 
the  stream  beds  are  made,  the  more  natural  will  they  appear  when 
finished.  Little  sinuses,  swimming  holes,  obstacles,  and  inequalities 
in  elevation  to  vreate  waterfalls,  and  similar  natural  touches  will  add 
attractiveness.  In  applying  the  mortar  care  should  be  taken  to 
retain  the  general  direction  of  the  slant  toward  the  center  of  the  front 
K».uil 


of  the  model.  Let  the  mortar  dry  out  for  several  days,  then  paint  the 
suxface  with  hot  paraffin  and  bum  in  the  paraffin  with  a  plumber's 
hand  furnace  or  Bunsen  burner.  The  model  should  now  be  water- 
proof, but  it  is  safer  to  run  a  gutter  along  the  front  to  receive  the 
drippings.  (Fig.  4.)  The  drain  from  the  surfaces  of  the  lakes 
should  also  be  directed  into  this  gutter,  which  should  empty  into  a 
waste  pipe. 

When  the  mortar  is  hard,  erect  a  mound  of  earth  on  each  of  the 
rear  comers  of  the  model,  about  1^  feet  in  height,  and  so  arranged  that 
the  front  slope  of  each  drains  into  one  of  the  streams.     The  hills  may 
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Fio.  4.— Front  dovatloii  of  model. 

be  made  to  appear  as  two  peaks,  with  a  depression  between  them. 
Cover  one  of  the  moimds  thoroughly  and  thickly  with  moss,  which 
can  be  gathered  in  the  woods  or  purchased  by  the  sack  from  a  florist, 
and  Jihrough  this  moss  stick  small  twigs  or  trimmings  of  hedges  to 
represent  a  forest.     Cedar,  arbor  vitse,  or  jmiiper  twigs  prove  most 
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satisfactory.  Stretches  of  nearly  level  land  should  extend  from  the 
bases  of  the  hills  to  the  lakes.  The  land  below  the  forested  hill 
should  be  covered  with  a  thin  layer  of  top  soil  furrowed  to  represent 
cultivated  fields.  The  parts  of  these  fields  adjacent  to  the  stream 
and  lake  should  be  protected  from  washing  by  moss  and  shrubbery. 

A  double  sprinkler  should  send  with  moderate  force  an  equal  rain- 
like spray  over  each  hill.  The  spray  should  stnke  each  hill  in  such  a 
way  that  all  the  water  will  be  drained  into  the  corresponding  stream. 
No  water  should  flow  down  the  rear  slopes  of  the  hills.  One  kind  of 
sprinkler  is  made  as  follows :  A  water  pipe  is  run  up  the  wall  behind 
the  model  to  about  1  i  feet  higher  than  the  sununits  of  the  hills.  To 
the  upper  end  of  this  pipe  a  "T"  is  attached,  the  arms  of  which  run 
out  about  1}  feet  on  each  side,  and  from  the  ends  of  these  arms  pipes 
terminating  in  sprinklers  are  run  forward  so  as  to  bring  the  spray 
upon  the  proper  parts  of  the  slopes.  A  stopcock  should  be  near  at 
hand,  so  that  the  force  of  the  water  can  be  easily  regulated  within 
sight  of  the  model.  Rubber  hose  might  be  substituted  for  both  the 
supply  and  the  drainpipes  and  would  reduce  the  cost.  Baking  pans 
perforated  with  a  nail  may  be  used  as  sprinklers.  Great  care  should 
be  taken  to  have  the  entire  surface  of  the  forested  hill  upon  which 
water  falls  protected  with  moss,  so  that  the  soil  can  not  be  washed 
away.  The  water  coming  from  the  forested  hill  will  be  muddy  at 
first,  but  will  clear  after  running  for  a  few  minutes,  and  the  mud  in 
the  water  in  the  lake  will  soon  settle.  Erosion  will  set  in  upon  the 
deforested  hill  and  the  land  below  as  soon  as  the  water  is  turned  on. 

The  drain  should  be  large  and  should  be  protected  by  a  screen  or 
trap  so  that  pieces  of  leaves  and  moss  can  not  get  into  it.  A  spiral 
of  wire  inserted  in  the  upper  end  of  the  pipe  will  suffice.  It  is  advis- 
able also  to  have  the  water  from  the  muddy  lake  pass  through  a  clump 
of  moss  or  other  close  sieve,  to  clear  the  water  of  some  of  the  silt 
before  it  passes  into  the  drainpipe. 

White  sand  and  pebbles  and  small  goldfish  or  turtles  in  the  clear 
lake  will  add  another  touch  of  realism  and  bring  out  the  clearness  of 
the  water.  Other  ideas  to  add  to  the  picturesqueness  and  instruc- 
tiveness  of  the  model  can  bo  worked  in,  such  as  a  road  running 
through  the  fields,  bridges  across  the  streams,  and  a  little  farmhouse 
or  bam  appropriately  placed.  The  bridge  across  the  muddy  stream 
can  be  represented  as  damaged  by  floods,  and  the  road  on  that  side  of 
the  model  muddy  and  deeply  furrowed. 

MaUsriaUfoT  a  model  S/eet  mjuare. 
Lumber: 

60  linear  feet,  6  inches  by  |  inch  tongued  and  grooved  flooring. 
53  linear  feet,  2  inches  by  4  inches. 

21  linear  feet,  1}  inches  by  8  inches.  ^ 
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Other  material: 

1  bag  of  cement. 

2  bags  of  Band. 

1  barrel  of  rubble  or  small  rocks. 
6  pounds  paraffin. ' 

2  square  yards  of  moss. 
1  peck  of  top  soil. 

1  bundle  of  twigs  or  cuttings. 

1  piece,  5  feet  long,  of  f-inch  iron  pipe,  both  ends  threaded.' 

1  piece,  5  inches  long,  of  1-inch  iron  pipe,  not  threaded.* 

4  pieces,  each  1}  feet  long,  of  {-inch  iron  pipe,  both  ends  threaded.' 

2  single  {-inch  elbows.^ 

1  finch  "T."» 

2  sprinklers,  similar  to  illustration  (figs.  2  and  3).' 
1  stopcock. 

1  zinc  or  tin  gutter  5}  feet  long. 

Pipe  or  hose  to  connect  supply  and  drain  with  model. 


1  other  matmal  may  be  substituted  to  suit  a  different  style  of  contrivance. 
[Clr.  117) 
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Strawberries,  raspberries,  gooseberries,  grapes,  plains,  pears,  quinces,  and 
aboat  every  kind  of  fruit  worth  growing  here,  had  their  special  friends ;  and 
last,  though  not  least,  vegetables  of  every  name  were  brought  to  a  high  degree 
of  perfection  in  the  hands  of  members  of  this  society. 

In  1875  the  State  Horticultural  Society  accepted  an  invitation  to  hold  their 
June  meting  in  this  city,  as  the  guests  of  this  society,  which  meeting  was  held 
in  the  op3ra  house,  on  the  23 1, 24th,  and  25th  of  the  month.  At  the  close  of  the 
last  session  a  very  flattering  vote  of  thanks  was  tendered  this  society  for  the 
very  efficient  assistance  rendered  by  us  to  the  state  society. 

But  I  must  hasten  to  a  close,  or  the  gavel  will  drop  before  I  have  a  chance 
to  mention  two  important  changes  which  occured  later  in  the  history  of  the 
society.  On  January  19,  1881,  the  following  resolution  was  adopted :  '^That 
this  society  become  auxiliary  to  the  State  Horticultural  Society,  and  the  con- 
stication  of  the  Adrian  Horticultural  society  be  amended  to  conform  thereto, 
with  the  proyiso  to  withdraw  at  any  time  by  a  majority  vote  of  this  society/' 
By  this  action  persons  joining  this  society  and  paying  one  dollar  become  at 
the  same  time  members  of  the  state  society  and  entitled  to  all  it  privileges. 
On  April  14,  1884,  the  following  resolution  was  adopted :  ^^ Resolved,  That 
the  name  of  the  Adrian  Horticultural  Society  be  changed  to  the  Lenawee 
Ooanty  Horticultural  Society/'  with  headquarters  in  the  city  of  Adrian,  and 
that  the  annual  meeting,  and  all  special  meetings  for  business,  be  held  in  the 
city  of  Adrian. 

I  oannot  close  this  short  history  without  a  word  of  tribute  to  the  men  and 
women  who  early  began  this  work,  and  whose  influence  is  still  largely  felt  in 
every  department  of  horticulture.  The  majority  have  passed  on  over  the 
riyer,  and  for  aught  I  know  are  to-day  basking  in  the  sunshine  on  its  flowery 
banks;  but  their  labor  here  is  not  lost,  as  the  interest  still  taken  in  this 
society  fully  demonstrates. 

Dr.  W.  Owbn. 
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OFFIOBRS  FOR  1889. 

President — J.  D.  Baldwin. 

'  J.  J.  Parsball. 
Vice  Presidents —  Wm.  McEreery. 

[  J.  D.  Allison. 
Secretary — Jacob  Oanzhom. 
Corresponding  Secretary — Emil  Baar. 
Treasurer — John  Almand. 

W.  P.  Bird. 

Executive  Gommittee —  -l  j'  n'  y  1?  J 

B.  0.  Nichols. 

Olimatologist — Prof.  W.  M.  Harrington. 
Ornithohgist  and  Entomologist — Prof.  J.  B.  Steere. 
Hygienist — Dr.  A.  B.  Prescot. 

Botanist — Prof.  Volnoy  Spaulding  of  Michigan  University. 

The  society  kept  np  regular  monthly  meetings,  besides  a  number  of  extra 
sessions.  During  the  winter  we  were  favored  with  an  interesting  paper  on 
the  effects  of  forests  on  the  climate  and  rainfall,  whether  or  not  effected  by 
forests,  etc.  The  paper  was  ordered  to  be  sent  to  Secretary  Garfield  for  pub- 
lication, with  report  of  the  forestry  convention  held  at  Grand  Bapids  last 
winter.  Prof.  V.  Spaulding  interested  the  society  with  a  paper  on  vegetable 
pathology.  Mr.  Erwin  Smith  of  the  department  of  agriculture,  Washing- 
ton, gave  his  researches  on  peach  yellows,  its  early  history,  where  first  found, 
its  spread  and  devastations  it  caused  up  to  the  present  time,  its  appearances 
in  the  different  parts  of  the  country,  etc.  Mr.  Smith  illustrated  his  subject 
with  photographic  views  of  diseased  peach  trees,  and  the  different  stages  of 
yellows.  We  have  no  yellows  in  our  county  as  yet,  and  we  do  not  look  for 
any  to  come. 

The  spring  and  summer  meetings  were  largely  devoted  to  transportation  of 
fruits  by  freight,  including  berries,  shipping  by  express  haying  proved  in- 
adequate, too  expensive,  and  further  made  undesirable  by  a  lack  of  proper 
handling  in  loading  on- board  of  cars.  So  far  our  shipments  by  freight  have 
been  confined  from  Ann  Arbor  to  Detroit.  A  fruit  car  was  fitted  up  for  this 
special  purpose,  with  shelving.  The  car  was  ready  for  loading  during  all  the 
day,  and  such  a  privilege  is  highly  appreciated  by  the  fruit  men. 

We  have  a  standing  committee  on  transportation  to  attend  to  anything 
coming  up  incident  to  this  business.    The  society  has  also  spent  much  time 
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in  considering  the  feasibility  of  organizing  a  frait  exchange,  but  the  matter 
.  has  not  yet  taken  shape. 

Reports  on  the  fruit  prospects  in  the  spring  were  very  flattering.  Besults, 
however,  did  not  justify  the  expectations.  Young  peach  trees  failed  to  set 
the  fruit.  Bains  failed  to  come  in  raspberry  time,  though  this  crop  was 
fair.  The  blackberry  suffered  more.  There  never  was  such  a  fall  drouth 
known  in  the  history  of  the  State  before.  The  want  of  rains  left  peaches 
very  small,  thus  cutting  a  small  crop  smaller.  Cherry  and  pear  crops  were 
light.  The  grape  crop  was  good,  though  some  vineyards  suffered  con- 
siderably from  rot.  The  fall  weather  proved  too  cold  for  making  grapes 
sweet,  and  therefore  this  fruit  sold  very  slowly  in  the  markets.  The  apple 
crop  was  good  in  quantity  but  ruined  by  the  coilin  moth.  The  bulk  of  this 
crop  had  to  go  to  the  evaporators  and  cider  mills. 

With  the  exception  of  the  apple,  all  the  fruits  grown  here  will  be  consider- 
ably planted  in  this  county  in  the  coming  spring.  The  peach  will  likely  take 
the  lead.    . 

At  our  last  county  fair,  there  was  a  grand  display  of  grapes,  overshadowing 
all  other  fruits  in  appearance.  It  elicited  more  praise  than  any  other  fruit, 
the  Niagara  and  Woodruff  Bed  shining  out  supreme.  The  exhibit  of  pears  was 
good.  As  high  as  twenty  varieties  were  shown  by  single  exhibitors.  There 
were  many  entries  of  apples,  and  the  specimens  fair,  but  too  wormy  to  be  con* 
sidered  first-class  as  an  exhibit.  Our  fruit  men  must  not  falter  in  a  struggle 
with  th^  codlin  moth,  or  the  excellence  of  the  apple  will  be  lost  to  us.  There 
is  pother  important  subject  that  confronts  us  in  this  connection.  It  is  the 
(riving  out  of  the  favorite  old  varieties.  We  must  either  learn  how  to  restore 
these  to  former  perfection,  or  experiment  with  newer  sorts.  Probably  the 
better  course  to  pursue  is  to  do  both. 

Exhibits  of  fruits  in  season  at  our  meetings  continue  to  be  a  pleasing  feature 
to  attendants.  We  also  aften  have  flowers.  Our  meetings  are  now  and  then 
enlivened  with  reports  by  members  on  their  visits  to  distant  states,  relating 
observations  on  fruits,  etc. 

Jacob  Ganzhobn,  Secretary. 


CLIMATAL  EFFECTS  OF  FORESTS. 

The  problem  of  the  effects  of  forests  on  Qlimate  and  weather  is  not  a  new 
one;  it  has  been  discussed  for  upward  of  300  years*  yet  in  this  long  interval 
no  universal  agreement  has  been  reached  on  the  subject.  The  Oermans  are 
indeed  entirely  positive  that  in  their  country  the  effects  of  forests  are  very 
evident,  and  Herr  von  Bebber  in  1877  formulated  the  unmistakable  effects 
into  sixteen  propositions,     f These  propositions  are: 

I.  The  forest  lessens  the  extremes  of  heat  and  cold  without  making  any 
notable  change  in  the  mean  temperature. 

II.  The  forest  air  is  always  relatively  damp,  and  hence  the  presence 
of  the  forest  tends  to  the  preservation,  and  somewhat  to  the  increase,  of  the 
humidity  of  the  air. 

III.  The  tendency  to  precipitation,  and  hence  the  probability  of  rain,  is 
increased  by  the  presence  of  the  forest. 

*  The  oldest  reference  known  to  me  is  the  order  for  forest  police  of  Salzburg  in  VESH.   See  GUnther* 
OmndsUsi  der  Qeophysik,  II.,  242. 
t  Ab  above,  p.  246. 
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IV.    The  rainfall  is  increased,  especially  in  forest-covered  mountains. 
Y.    The  evaporation  is  decreased  and  especially  when  the  ground  beneath 
is  covered  by  dead  foliage  it  is  very  much  decreased. 
YI.    The  covering  of  leaves  tends  to  prevent  the  rapid  flowing  off  of  water. 
YII.     Forests  protect  and  preserve  the  natural  springs  of  a  territory. 
YIII.    The  ground  water  held  by  the  forests  fills  the  soil  beneath. 

IX.  The  forest  protects  from  floods  and  prevents  the  formation  of  new 
stream  beds. 

X.  With  extensive  disforesting  weather  extremes  become  sharper. 

XL    Disforesting  briugs  with  it  increased  dryness  and  summer  drouths. 

XII.  The  frequency  of  rainfall,  especially  in  the  summer,  decreases  with 
removal  of  forests. 

XIII.  Removal  of  forests  decreases  the  wetness  of  the  soil  and  the  abund- 
ance of  springs. 

XI Y.    The  removal  of  the  dead  leaves  causes  too  rapid  evaporation. 

XY.  The  removal  of  the  dead  leaves  promotes  overflow  of  adjacent  cul- 
tivated lands  and  this  is  still  worse  when  leaves  and  trees  are  both  taken. 

XYI.  The  amount  of  water  in  streams  becomes  more  and  more  irregular 
as  forests  are  removed. 

So  much  for  Germany.  In  France,  where  the  subject  has  also  received 
very  much  attention,  a  similar  list  could  be  made  out  with  one  or  two 
additional  specifications.  France  is  especially  subject  to  destructive  thunder 
and  hail  storms,  and  it  frequently  happens  that  vrell  cultivated  vineyards  and 
fruit  farms,  which  have  been  brought  to  a  high  state  of  perfection  at  the  ex- 
pense of  much  labor  and  money,  are,  at  the  very  time  tfaey  are  about  ready  to 
furnish  an  abundant  harvest,  utterly  beaten  down  and  destroyed  by  a  sudden, 
severe,  local  storm.  The  owner  sees,  in  utter  helplessness,  the  work  Of  years 
and  the  support  of  his  family  swept  out  of  existence,  and  perhaps  five  min- 
utes will  suffice  to  do  the  work  of  destruction.  Hail-storms  have  naturally 
received  very  much  attention  in  France  and,  though  much  that  is  of  impor- 
tance has  been  learned  about  them,  the  only  thing  so  far  that  will  help  the 
cultivator  of  the  soil  is  this  rule  that  destructive  hail- storms  are  much 
less  common  in  forests. 

By  some  writers  the  effects  of  forests  are  given  still  more  importance. 
Marsh,  in  his  Man  and  Nature,  and  in  his  wake  many  others  have  tried  to 
show  that  disforesting  may  change  the  climate  of  a  country  completely,  alter- 
ing it  from  a  fertile  region  capable  of  supporting  a  large  population  to  a 
desert  waste.  As  they  read  history,  Palestine  is  undergomg  this  change  and 
has  almost  completed  it.  According  to  some  of  them  the  change  has  already 
been  completed  in  northern  Africa.  Carthage,  they  say,  was  in  a  fertile 
region.  Tunis  is  now  largely  desert.  The  Syrtes  were  once  good  harbors  to 
a  fertile  inland ;  the  desert  now  comes  down  to  the  coast  and  its  drifting  sands 
shallow  the  waters  of  the  Mediterranean  far  to  the  seaward. 

But  agreement  on  the  subject  is  by  no  means  uniform.  The  idea  that  dis- 
foresting may  make  a  general  and  permanent  change  in  the  climate  is  hotly 
contested  inch  by  inch,  and  the  victory  now  inclines  strongly  toward  those  who 
believe  either  that  no  such  change  has  occurred  as  a  matter  of  history,  or 
that  if  it  has  occurred,  it  is  due  to  other  causes  than  disforesting.  The 
meteorologists  of  India  are  remarkably  active,  and  they  claim  that  in  that 
country  the  results  of  disforesting  are  entirely  local  and  subordinate.  The 
Scandinavians  have  always  been  meteorologists,  so  much  so  that  the  ancient 
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climate  of  their  peninsula  coald  almost  be  reconstructed  from  their  myths. 
This  interest  in  the  weather  there  continues  unabated,  and  some  of  the  most 
eminent  living  students  of  the  subject  are  to  be  found  there.  They  claim 
that,  the  results  of  disforesting  are  there  entirely  unnoteworthy.  America  is 
so  new  that  it  is  not  so  much  a  question  here  as  to  what  has  happened  as 
what  will  result  from  disforesting  and  reforesting.  The  subject  has,  how- 
ever, already  been  much  studied,  but  the  conclusions  seem  various.  Dr. 
Hinrich.  the  eminent  meteorologist  of  Iowa,  finds  unmistakable  evidence 
that  in  his  State  rainfall  lines  and  forest  om  lines  go  together.  It  has  been  fre- 
qneiitly  claimed  and  almost  as  frequently  denied  that  with  the  extension  of 
settlement,  and  with  it  tree  planting  on  the  plains,  increased  rainfall  and 
amelioration  of  climate  have  resulted.  The  question  is  not  yet  settled,  but 
the  balance  tends  to  turn  to  the  side  of  amelioration.  Recently  Mr.  Henry 
Gauvett  has  attempted  to  show  that  no  change  of  rainfall  can  be  expected 
from  change  in  forests. 

I  have  stated  as  clearly  as  practicable  the  variations  in  conclusions  in  order 
to  point  out  that  the  disagreements  are  more  apparent  than  real,  and  that 
they  result  from  not  making  a  proper  distinction — a  distinctioh  which  I 
think  we  have  only  lately  been  in  a  condition  to  point  out.  This  distinction 
is  to  be  found  in  the  three  different  elements  of  weather  or  climate. 

One  part  of  our  climate  or  weather  is  of  a  general  character,  due  to  the 
inclination  of  the  earth's  axis,  to  the  general  character  of  the  atmosphere, 
and,  to  a  iess  degree,  to  the  general  distribution  of  land  and  water, 
mountain  and  plain  over  the  surface  of  the  earth.  A  second  part  of  our 
climate  and  weather  is  the  periodic,  and  more  especially  the  daily  variation 
of  barometer,  of  thermometer,  of  relative  moisture,  of  wind,  and  of  cloudi- 
ness and  precipitation.  The  source  of  these  changes  is  to  be  found  in  quite 
as  general  conditions  as  the  former,  but  the  quantity  of  the  changes  is  much 
more  dependent  on  local  conditions.  The  temperature  on  the  average  is 
warmest  with  us  at  2  or  3  P.  M.,  and  coldest  about  6  A.  M.,  but  the  range  of 
the  change  will  be  very  different  for  different  parts  of  Michigan,  and  even 
for  different  parts  of  Washtenaw  coanty  or  of  Ann  Arbor. 

The  third  element  of  our  climate  is  to  be  found  in  purely  local  conditions. 
[Elevation  here  plays  a  very  important  part.  The  weather  of  the  east  side  of 
a  mountain  range  maybe  very  different  from  that  of  the  west  side.  The 
weather  of  the  (?eep  valley  may  be  quite  different  from  that  of  its  limiting 
ridges.  On  a  still  cold  day  in  winter  the  temperature  may  change  consider- 
ably with  slight  changes  of  elevation.  In  such  weather  the  thermometer  al- 
ways stand  higher  at  the  observatory  than  in  any  other  part  of  the  city  and 
between  the  observatory  and  the  Huron  river,  half  a  mile  north  but  perhaps 
100  feet  lower,  we  have  frequently  noted  a  difference  of  13^  or  15^. 

Now  of  these  three  elements  which  would  be  affected  most  by  local  forest- 
ing or  disforesting  ?  Evidently  not  the  general  element.  Our  general  weather 
is  made  up  largely  of  large  storm  areas  or  cyclones  followed  by  large  quiet, 
clear  areas  or  anti-cyclones,  all  traveling  eastward  with  more  or  less  regularity. 
These  areas  aie  usually  first  seen  in  the  Rocky  mountains  or  to  the  east  of 
these  mountains.  Sometimes  they  come  from  the  Pacific  ocean  or  from 
Alaska^  Very  rarely  they  appear  to  originate  nearer  home.  Their  cause  of 
origin  and  exact  source  are  unknown  but  we  are  positive  that  they  depend  on 
general  conditions,  conditions  of  the  whole  earth  or  of  very  large  areas.  For 
instance  two  large  areas  of  low  barometer  usually  occupy,  one  the  north 
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Atlantic^  the  other  the  vicinity  of  Behring's  sea,  and  the  cyclones  often  come 
from  them.  Again  a  large  anti-cyclone  nsaally  lies  over  the  central  north 
tropical  Atlantic  just  east  of  the  African  coast,  and  another  varies  in  position 
from  Mexico  to  onr  southern  states,  and  the  paths  taken  by  our  cyclones  seema 
to  depend  much  on  these  anti-cyclones.  The  positions^  activity  and  motions 
of  the  great  northern  cyclones,  the  position  and  motions  of  the  great  semi- 
tropical  anti-cyclones  are  nndoubtedly  due '  to  general  conditions,  relative  to 
the  earth  as  a  whole  or  to  its  general  features  of  distribution  of  land  and  water. 
They  cause  the  large  features  of  weather  and  it  is  evident  that  they  are  be- 
yond the  reach  of  the  comparatively  small  changes  caused  by  man.  Whether 
Michigan  were  covered  with  forest,  or  entirely  cleared,  would  probably  make 
no  difference  with  them ;  their  general  features  for  Michigan  would  be  the 
same.  Indeed  we  may  doubt  if  the  foresting  or  disforesting  of  the  entire 
United  States  or  the  presence  or  absence  of  the  great  lakes  would  make  much 
difference  with  these  general  features. 

There  is  however  one  element  of  a  storm  area  which  seems  much  dependent 
on  the  character  of  the  territory  passed  over,  and  that  is  its  intensity.  A 
cyclone,  in  the  limited  scientific  sense,  is  an  atmospheric  condition  favorable 
to  rainfall,  but  whether  rain  falls  or  there  is  only  cloudiness  without  rainfall 
depends  on  the  intensity  of  action  in  the  cyclone  and  this  intensity  changes 
from  region  to  region.  Not  even  a  cyclone  can  squeeze  rain  out  of  atmos- 
phere in  which  sufficient  moisture  does  not  exist.  Now  it  is  a  matter  of 
scientific  observation  and  of  practical  experience  that  forests  ar^  relatively 
moist,  both  because  the  roots  and  dead  leaves  tend  to  hold  the  water,  pre- 
venting it  from  fiowing  away,  and  because  the  tree  is  a  natural  evaporatinj^^ 
machine,  through  the  thousands  of  mouths  of  which  moisture  is  constantly 
pouring  into  an  atmosphere  not  already  too  dry.  Hence  the  cyclone  finds  in 
forest  air  the  moisture  it  needs,  and  that  of  its  functions  which  is  most  ir- 
regular and  uncertain,  viz. :  that  of  precipitating  moisture,  is  more  probable 
over  forests  than  over  plains,  and  more  probable  over  grassy  plains  than  over 
deserts.  This  entirely  agrees  with  Von  Bebber's  empirical  conclusions  III.^ 
lY.,  XL  and  XIL  In  this  too  we  also,  find  one  reason  for  the  conclusions 
which  relate  the  greater  frequency  of  fioods  in  regions  which  are  disforested 
(conclusions  IX.,  XV.  and  XVI).  The  rainfall  being  more  frequent  in 
forest  areas  is  less  likely  to  be  so  severe  as  to  cause  fioods. 

Bat  it  is  especially  in  the  perodic  and  local  features  of  climate  that  the 
forest  plays  a  valuable  part.  By  the  covering  which  it  gives  the  soil  the  ex- 
tremes of  temperature  are  much  reduced.  Just  as  in  the  Artie  regions  they 
wear  clothing  to  protect  from  the  cold  and  in  the  tropics  to  protect  from  the 
heat,  the  clothing  of  forests  limits  that  direct  exposure  to  the  radiation  of  the 
sun  which  gives  us  our  hottest  days  and  that  re-radiation  jof  heat  into  space 
which  gives  us  onr  coldest  nights. 

Again  the  forest  serves  as  a  sort  of  break  water  to  protect  the  residents  in 
or  near  it  from  the  action  of  high  winds,  and  they  serve  as  another  sort  of 
protector  in  a  much  more  important  sense.  They  protect  and  hold  the  water 
which  reaches  them,  the  shade  of  the  trees  protect  from  evaporation  and  it 
occurs  bat  slowly  except  as  this  occurs  through  the  leaves.  Besides,  the 
covering  layer  of  dead  leaves  serves  as  a  sponge  to  soak  up  and  keep  thQ  water 
which  reaches  it,  and  still  more  to  keep  the  water  which  passes  into  the  soil 
beneath.  Hence  the  conservation  of  moisture  and  that  of  springs  in  or  near 
woodS;  and  as  they  let  this  water  escape  only  slowly  and  gradually,  hence. 
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alBO^  the  uniformity  and  p3r8i8t6nce  of  forest  streams^  No  one  oan  under- 
etand  what  the  latter  means  unless  he  hatf  stood  on  the  banks  of  a  stream  on 
the  plains  or  in  the  treeless  part  of  the  Rocky  MountaiDS  during  a  rain 
higher  up  the  yalley  The  bed  of  the  stream  is  dry ;  a  rushing  sound  causes 
the  observer  to  look  up  the  stream;  the  rain  which  has  just  fallen  is  coming 
down  with  a  rush;  it  passes  rapidly  and  in  a  few  hours  or  at  most  a  few  days 
the  stream  is  again  dry.  Compare  this  with  the  perennial  streams  of  our  own 
woodlands  which  fed  by  springs  protected  by  trees,  continue  almost  unchanged 
from  season  to  season  and  from  year  to  year.  Moreover  this  sudden  rush  of 
water  brings  with  it,  in  a  region  recently  disforested  where  the  ground  is  not 
yet  protected  by  sod,  an  immense  amount  of  silt,  sand,  gravel,  and  rock, 
which  spread  over  and  ruin  the  cultivated  fields  farther  down.  These  are  the 
most  familiar  parts  played  by  forests  and  are  known  to  all  thoughtful  men. 
I  mention  them  here  to  point  out  that  they  are  features  of  local  rather  than 
general  character,  but  that  they  are  local  does  not  render  them  limited  in  area 
or  unimportant  in  character. 

But  the  next  feature  to  which  I  wish  to  call  your  attention  ia  less  familiar 
to  the  general  public,  and  also,  unfortunately,  less  completely  worked  out 
by  professed  students  of  the  subject.  The  features  of  weather  and  climate, 
especially  those  of  summer  weather  which  most  interest  and  affect  those  who 
draw  their  support  directly  from  the  soil,  are  due  more  to  what  are  called  '  *  local 
storms,"  than  to  general  storms.  A  good  illustration  of  these  storms  is  the 
sharp,  quick  summer  thunderstorm,  and  the  no  less  sharp  and  quick,  but 
much  more  destructive  first  cousin  of  the  thunderstorm,  the  tornado.  These 
phenomena  are  not  integral  parts  of  a  cyclone  or  storm  area,  bat  are  only 
indirectly  connected  with  it.  They  are  generally  connected  with  some  un- 
symmetrical  feature  of  a  cyclone,*  such  as  an  arm  put  oat  to  southward,  or  a 
brood  of  small  secondary  whirls  like  a  hen  with  her  brood  of  chicks.  To  these 
local  storms  the  most  of  our  summer  rains  are  due,  and  in  some  parts  of  the 
world  all  rainfall  comes  from  them.  These  are  the  phenomena  too,  which 
the  weather-predicter  in  his  central  bureau  at  Washington  or  Toronto  or 
London  is  least  able  to  foresee.  These  storms  generally  run  low  and  are, 
therefore,  especially  sensitive  to  local  conditions.  The  hail  comes  from  them, 
and  thus  we  find  in  France  the  fact  that  hail  storms  are  somewhat  guided  by 
the  outlines  of  forests,  as  they  lie  low  they  will  be  more  likely  to  be  influenced 
by  moisture  preserved  by  forests,  and  the  increased  rainfall  in  or  near  forests 
is  probably  much  more  due  to  them  than  to  an  increase  in  intensity  in  the 
general  cyclone. 

But  the  action  of  forests  on  these  local  storms  is  by  no  means  clear,  and  it  is 
here  that  there  is  an  opportunity  for  profitable  study  for  every  intelligent 
observer  of  nature.  It  seems  that  some  kinds  of  local  storms  may  be  in- 
oreased  in  intensity  by  the  presence  of  forests.  So  far  as  that  increase  is 
rainfall  it  is  favorable  for  Michigan,  for  a  cloudburst  in  a  forest  need  not  re- 
sult in  a  fiood  in  the  adjacent  streams  as  it  would  necessarily  result  in  open 
land.  And  may  I  be  pardoned  for  calling  attention  to  this  line  of  study  of 
local  storms  and  local  infiuences?  The  study  of  the  general  weather  is  cared 
for  by  the  general  government  and  by  professed  meteorologists.  The  local 
conditions  are  however  of  the  greatest  importance,  and  this  should  be  cared 

*  The  cyclone  Is  an  area  of  general  low  barometer  and  its  name  is  dne  to  the  circulation  of  wind 
in  it.  Its  indiyidnal  character  may  vary  from  so  slight  an  intensity  that  it  is  barely  recognized  by 
Instruments  and  not  at  all  by  the  senses,  to  as  great  an  intensity  as  that  of  the  West  Indian  hurri- 
cane.   The  tornado  is  a  small  whirlwind  of  great  intensity,  but  is  not  a  cyclone. 
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for  by  the  state  goyernmeDts.  Hence  the  propriety  of  our  local  weather 
seryice,  and  in  their  work  they  require  the  assistance  of^  and  can  be  aided 
by,  eyery  intelligent  person.  It  is  only  by  supplementing  more  general 
studies,  by  study  in  small  regions,  that  we  can  now  expect  to  make  much 
adyance  in  the  knowledge  of  local  storms,  and  these  are  of  paramount  im- 
portance to  our  farmers. 

We  can  now  perhaps  see  why  there  is  such  a  general  disagreement  as  to 
the  influence  of  forests  on  climate.  The  chief  effects  being  local  in  character 
they  would  be  most  appreciable  when  the  local  conditions  are  most  fayorable. 
For  instance  when  the  conditions  were  such  that  abundant  moisture  is  gen- 
erally present,  the  play  of  the  forests  would  be  subordinate.  This  is  the  condi- 
tion of  things  on  the  Scandinayian  peninsula,  surrounded  as  it  is  on  nearly 
all  sides,  and  nowhere  distant  from  large  bodies  of  water.  The  clearing  of  the 
entire  peninsula  of  forests  would  make  but  little  difference  in  the  supply  of 
moisture.  But  in  the  continental  position  of  Oermany,  especially  more  in- 
land, the  supply  of  moisture  is  less  abundant,  the  change  of  temperature 
more  excessiye,  and  the  conseryatiye  action  of  forests  is  more  important. 
Again,  the  action  of  the  forests  would  differ  with  latitude.  In  the  tropica 
generally  the  greater  uniformity  of  weather  and  the  more  extensiye  character 
of  weather  changes  would  make  the  coyering  of  the  soil  of  only  yery  local 
importance,  while  in  high  latitudes,  the  slight  yuriation  in  moisture  and  the 
general  protection  of  the  ground  with  snow  would  also  tend  to  lessen  the 
distinctiye  effects  of  forests. 

It  is  only  in  middle  latitudes  that  the  effects  would  be  important,  and  it  ia 
in  continental  positions  that  they  would  become  most  conspicuous.  Michi* 
gan  is  in  middle  latitude,  and  she  is  well  in  the  interior  of  a  great  continent. 
We  may  expect  that  she  will  proye  to  be  quite  as  sensitive  to  the  remoyal  of 
her  forest  clothing  as  is  Germany;  and  there  is  another  feature  of  Michigan 
which  may  make  us  look  forward  with  anxiety  to  her  total  disforesting. 
Oonsiderable  parts  of  central  Michigan  haye  a  sandy  soil;  they  are  the  ao- 
called  ^'pine  barrens.''  They  haye  the  reputation  of  not  being  yaluable  for 
cultiyation.  What  will  they  be  when  timber  growth  has  been  remoyed  which 
now  holds  the  sands  together  and  protects  them  from  the  direct  drying  rays  of 
the  fiunf  There  is  some  occasion  for  fear  that  their  yalue  may  then  become^ 
less  than  zero ;  that  while  they  are  now  not  without  use,  they  may  then, 
become  a  menace. 

Mabk  W.  Habbingtok. 

Fib.  4,  1888. 
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THE  FOREST.  ITS  INFLUENCE  AND  MANAGEMENT. 


FRED  W.  CARD. 


Forest  Influences. 

The  wood-fire  crackles  in  the  grate ;  the  flames  leap  memly  up 
the  throat  of  the  great  chimney ;  the  sparks  dance  upon  the  hearth, 
and  the  wood  crumbles  to  ashes ;  the  woodman's  axe  rings  in  the  crisp 
wintry  air  as  the  forest  falls  to  supply  the  need.  Nature  has  been 
generous  to  provide  this  supply.  Are  we  doing  our  share  to  per- 
petuate it?  Will  our  children  and  grandchildren  censure  our 
memory  for  destroying  their  heritage  ? 

Much  has  been  written  of  the  value  of  forests,  some  sentimental, 
some  ill-advised,  some  pessimistic,  and  some  of  great  value.  Let 
us  think  well  before  we  destroy  the  forest  cover  from  the  mountain 

m 

side  or  the  farm.  Let  us  consider  the  advantages  which  it  will 
bring  and  the  inconvenience  which  may  accrue  when  it  disappears. 
The  benefit  most  commonly  supposed  to  result  from  the  pres- 
ence of  forests  is  that  of  increasing  rainfall.  This  opinion  has 
most  frequently  resulted  from  a  comparison  of  the  conditions  of 
some  large  country  at  different  periods  of  time  far  apart.  If  the 
country  has  once  been  productive  and  later  becomes  barren,  the 
result  is  attributed  to  the  disappearance  of  forests;  or,  if  the 
reverse  conditions  hold,  the  forest  is  credited  with  bringing  them 
about.  Much  of  this  assumption  is  without  foundation.  The 
forest  is  as  likely  to  be  a  result  of  the  conditions  as  the  cause  of 
it.  Careful  observations,  set  forth  in  meteorological  reports,  often 
fail  to  show  any  appreciable  increase  in  rainfall  due  to  the  prox- 
imity of  forests.    In  other  instances  such  increase  doiss  appear, 
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particularly  at  increasing:  altitudes  above  sea  level.  Topography 
and  general  climatic  conditions  are  far  more  important  factors  in 
the  production  of  rainfall  than  the  presence  or  absence  of  forests. 
It  is  safe  to  assume  that  the  much  or  little  woodland  which  a  man 
may  maintain  upon  his  own  farm  will  have  no  effect  in  increasing 
or  decreasing  the  lain  which  falls  upon  it.  The  storm  areas  which 
sweep  across  the  country  are  often  a  thousand  miles  in  diameter, 
and  the  rain  which  waters  the  farm  may  have  come  from  very  dis- 
tant sources. 

If  the  forest  fails  to  coax  a  greater  amount  of  rain  from  the 
clouds,  it  does  not  fail  to  make  good  use  of  what  does  fall.  The 
water  which  reaches  the  gr6und  may  follow  two  distinct  courses. 
Part  of  it  may  run  away  upon  the  surface,  to  quickly  swell  the 
streams  and  produce  the  spring  or  autumn  freshet.  Another  part 
percolates  into  the  soil,  being  held  there  to  be  used  again  by 
plants,  or,  passing  downward,  supplies  the  underground  flow  of 
springs  and  streams.  The  proportionate  amount  of  these  two 
factors  is  of  the  highest  importance  to  the  welfare  of  the  farmer 
and  of  the  adjacent  communities.  This  proportion  is  determined 
by  the  topography  of  the  region,  the  nature  of  the  underlying 
rock,  the  character  of  the  soil  and  of  its  surface  covering.  Of 
these  only  the  surface  conditions  are  within  the  control  of  man. 
No  better  surface  conditions  for  inducing  underground  flow  are 
to  be  found  anywhere  than  those  which  the  forest  floor  presents. 
Its  irregularity,  its  hollows  and  hillocks,  its  mulch  of  leaves  and 
its  coating  of  moss,  the  loose,  granular  condition  of  the  soil  be- 
neath, and  the  large  admixture  of  humus  near  the  surface,  all  tend 
to  hold  back  the  rain  and  afford  it  an  easy  entrance  into  the 

soil. 

It  may  be  said  in  passing  that  this  large  admixture  of  humus  is 
one  of  the  most  important  factors  in  rendering  virgin  soil  so 
productive.  It  not  only  permits  water  to  penetrate  the  soil 
more  readily,  but  it  also  enables  more  water  to  be  held.  It 
furnishes  the  mechanical  condition  best  adapted  to  plant- 
growth  and  least  favorable  to  hardening  or  baking.    The  farmer 
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may  well  take  a  lesson  from  the  forest,  and  embrace  every  oppor- 
tunity to  add  humus  to  his  soil. 

Bemoving  the  forest  from  the  hillside  may  seriously  reduce  the 
flow  of  the  stream  which  waters  the  farm  or  cause  the  spring  at 
the  foot  of  the  hill  to  fail.  Bemoving  many  such  forests  reduces 
the  water-flow  of  the  larger  stream  to  which  they  all  contribute, 
compels  the  manufacturer  to  abandon  his  water-wheel  and  substi- 
tute the  steam-engine,  or  perhaps  even  to  move  his  plant  to  an- 
other location  where  fuel  and  material  are  more  readily  available. 
Not  only  that,  but  the  annual  freshets  are  increased.  The  maxi- 
mum floods  each  year  grow  higher,  the  expense  for  bridges, 
fences,  and  highways  and  the  public  taxes  increase.  Think  well, 
then,  before  you  sweep  bare  the  hillside. 

Water  is  lost  not  only  when  it  runs  quickly  into  the  stream  and 
away,  but  it  is  lost  when  the  winds  entice  it  from  growing  plants. 
This  evaporation  increases  greatly  with  the  increase  of  wind 
velocity.  A  forest  on  the  side  of  the  farm  from  which  the  pre- 
vailing winds  come,  particularly  if  that  side  be  higher  than  the 
rest  of  the  farm,  will  greatly  lessen  this  loss.  Nearly  all  soils 
furnish  abundant  water  for  the  growth  of  the  plants  themselves, 
were  it  not  for  this  waste.  Oftentimes  its  reduction  may  prove 
more  important  than  an  increase  of  rainfall  would  be,  and  more 
feasible  than  the  application  of  water  by  irrigation.  The  differ- 
ence in  evaporation  from  the  valley  of  the  upper  Hudson  and  that 
of  the  upper  Genesee  has  been  found  to  be  five  or  six  inches  a 
year,  representing  approximately  the  difference  in  the  State  of 
New  York  between  a  forested  and  deforested  area.  The  impor- 
tance of  reducing  the  wind  velocity  is  forcibly  shown  by  experi- 
ments made  some  years  ago  by  the  United  States  Signal  Service, 
in  which  it  was  found  that,  under  the  conditions  of  the  test,  evap- 
oration in  a  wind  of  five  miles  per  hour  was  2.2  times  greater  than 
in  a  perfect  calm,  while  in  a  wind  of  twenty  miles  per  hour,  not  at 
all  uncommon,  it  was  5.7  times  greater  than  in  a  calm.  Experi- 
ments made  with  evaporometers  on  the  plains  of  Nebraska  showed 
that  during  one  of  the  hot  southern  winds,  which  often  sweep 
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over  that  region  in  mid-summer,  evaporation  three  rods  north  of 
a  wind-break  was  only  twenty-nine  per  cent,  of  that  in  a  situation 
exposed  to  the  wind.  In  this  connection  the  comfort  of  men  and 
animals,  as  a  result  of  protection  from  the  cold  winds  of  winter, 
cannot  be  so  easily  estimated,  yet  is  none  the  less  worth  consider- 
ing. Hence,  consider  well  the  wind-break  effect  of  the  forest 
before  it  is  swept  away. 

The  sanitary  influence  of  the  forest  needs  also  to  l^e  considered. 
The  benefit  of  evergreen  forests  in  pulmonary  diseases  is  well 
recognized.  Sanitariums  are  a  prominent  feature  of  the  Adiron- 
dacks  and  of  other  forest  regions.  Dust  and  disease  germs  are 
uncommon  in  the  forest  atmosphere  and  find  uncongenial  lodg- 
ment if  present.  Forest  communities  in  India  are  known  to  escape 
the  ravages  of  cholera.  Troops  are  sometimes  moved  to  such 
locations  and  the  disease  checked,  even  when  it  has  gained  a  foot- 
hold.  Similar  observations  are  reported  concerning  yellow  fever 
in  our  own  country. 

A  still  more  important  sanitary  effect  is  that  upon  the  health  of 
cities  deriving  their  water  supply  from  flowing  streams.  Science 
has  invented  no  better  filter  than  the  forest  floor  and  the  soil 
beneath  it.  Bemove  this  floor  and  the  filter  is  gone.  The  water 
rushes  over  the  surface  in  ever  increasing  volume,  carrying  refuse 
and  dirt,  garbage  and  offal,  to  deposit  the  whole  in  the  bed  of  the 
flowing  stream,  there  to  taint  the  city  supply.  Small  wonder  that 
medical  authorities  urge  the  maintaining  of  forest  areas  about  the 
sources  of  such  supply ! 

The  forest  possesses  still  another  sanitary  influence,  in  that  it 
gives  rest  and  recuperation  to  those  whose  minds  grow  weary  in 
the  round  of  life.  This  is  often  more  important  than  we  may  think. 
Let  him  who  doubts  it  drop  the  pen  or  the  plow  some  afternoon 
when  vexations  have  come  thick  and  fast,  when  his  brain  is  weary 
and  befogged.  Let  him  leave  them  all  and  stroll  into  the  forest. 
Let  the  murmur  of  its  leaves  and  the  play  of  its  light  and  shadow 
soothe  his  irritation  and  dispel  his  weariness.  Then  let  him  meas- 
ure the  health-giving  power  of  the  forest. 
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Forest  Management. 

The  object  of  forestry  is  to  utilize  to  the  fullest  possible  extent 
the  product  of  forest  land,  and  at  the  same  time  to  maintain  the 
conditions  ivhich  render  forests  beneficial.  Utilizing  the  timber 
is  as  much  a  part  of  forest  management  as  is  inducing  the  growth 
of  trees  and  protecting  them  during  their  growth. 

The  important  consideration  of  how  to  replace  the  trees  when 
cut  is  known  as  forest  regeneration.  Two  methods  are  available, 
the  artificial  and  the  natural.  Ai*tificial  regeneration  may  be  by 
means  of  seeds  sown  and  covered  by  hand,  or  by  means  of  plant- 
ing trees.  Both  these  methods  are  too  expensive  to  be  used  ex- 
cept where  no  others  will  succeed.  Manifestly  on  the  open  prairies 
they  are  the  only  methods  available  when  forests  are  to  be  started 
on  land  where  no  trees  now  grow. 

Natural  regeneration  is  the  more  common  method,  and  the  one 
more  practicable  under  normal  forest  conditions.  It  may  be  by 
means  of  shoots  or  by  means  of  seeds.  The  former  utilizes  the 
vigorous  shoots  which  spring  up  when  most  broad-leaved  trees 
are  cut.  The  resulting  growth  is  known  in  forest  literature  as  cop- 
pice. The  method  cannot  be  used  with  conifers,  and  not  all 
broad-leaved  trees  can  be  depended  upon  to  send  up  satisfactory 
shoots.  Such  shoots  make  a  more  rapid  growth  in  their  earlier 
years  than  seedling  trees,  but  they  generally  attain  their  best  de- 
velopment within  thirty  years  and  are  not  suitable  for  the  pro- 
duction of  large,  long-lived  trees.  Coppice  growth,  therefore,  is 
adapted  only  to  short  rotations  and  the  production  of  such  classes 
of  timber  as  basket  material,  firewood,  fence-posts,  telegraph  poles, 
hop-poles,  etc. 

In  the  regeneration  of  forests  by  seeds  nature  is  again  ready  to 
help,  for  she  contrives  many  ways  in  which  seeds  are  scattered 
that  they  may  find  places  to  grow.  The  wind  is  ever  ready  to 
carry  them,  and  naturally  the  trees  which  become  most  widely 
scattered  are  those  bearing  light  seeds  with  some  kind  of  append- 
age enabling  them  to  be  easily  earned  by  the  wind.    Then  again. 
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many  seeds,  falling  into  streams,  float  upon  the  water  to  take  root 
on  some  distant  shore.  Birds  and  squirrels  also  aid  in  carryingc  on 
this  work,  the  birds  by  dropping  the  seeds  from  berries  and  fruits 
which  they  eat,  and  the  squirrels  by  burying  nuts  just  beneath  the 
forest  floor,  many  of  which  are  never  dug  up  and  eaten. 

A  seedling  forest  may  spring  up  from  adjoining  woods,  or  under- 
neath the  shelter  of  other  trees.  In  the  former  case  natural  con- 
ditions can  be  depended  upon  to  give  a  good  stand  only  over 
narrow  strips.  The  conditions  are  more  favorable  when  the  trees 
are  grown  under  shelter-wood.  The  first  essential  in  natural  re- 
generation is  an  abundance  of  seed ;  hence,  mother  trees  must  be 
left  to  provide  for  this  seed.  Forest  tr^e8  seldom  produce  seeds 
in  successive  years.  The  seed  years  may  be  two  to  five  or  even 
more  years  apart ;  hence,  the  forester  must  watch  for  and  utilize 
them  when  they  come.  The  second  essential  is  a  proper  seed-bed. 
To  secure  this  may  involve  thinning  to  admit  sunlight  and  to 
cause  more  rapid  decomposition  of  the  forest  cover  in  case  this 
cover  is  too  thick,  in  order  to  insure  proper  germination,  and  allow 
the  young  rootlets  to  reach  the  soil.  On  the  other  hand,  a  proper 
seed-bed  may  demand  wounding  the  soil,  in  case  the  woods  are 
already  too  open,  so  that  grass  is  growing  beneath  the  trees. 
Once  germinated,  the  seedlings  demand  sufficient  light,  yet  often- 
times need  protection  from  too  strong  light  and  from  wind  and 
enemies.  They  also  demand  sufficient  soil-protection  to  prevent 
grass  and  weeds  from  gaining  a  foothold  and  absorbing  the  moist- 
ure which  belongs  to  them.  Hence  a  proper  leaf-canopy  above  or 
a  sufficiently  thick  growth  of  the  seedlings  themselves  to  form 
such  a  leaf-canopy  is  needed.  To  provide  for  this,  plants  are 
sometimes  used  possessing  no  value  in  themselves. 

A  forest  may  consist  of  a  single  species,  when  it  is  known  as  a 
pure  wood,  or  of  different  species,  when  it  is  known  as  a  mixed 
wood.  Pure  woods  are  seldom  found.  While  they  are  more 
easily  managed  than  mixed  woods,  the  dangers  are  greater  and 
the  practice  is  seldom  advisable.  However,  mixed  woods  of  few 
species  are  generally  more  desirable  than  those  of  many  species. 
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When  di£ferent  species  are  grown  together,  the  light  conditions 
demanded  by  each  become  of  paramount  importance.  Certain 
trees  demand  full  exposure  to  the  sunlight,  and  will  not  grow  in 
the  shade  of  other  trees.  They  are  known  as  light-demanding 
trees.  Manifestly  they  must  be  ahead  in  the  race  or  they  fall  out 
altogether.  Generally  trees  with  light  and  scanty  foliage' belong 
to  this  class,  although  there  are  some  exceptions.  The  birches, 
piAes,  honey-locust,  black  locust,  black  cherry,  ash,  and  chestnut 
belong  here.  Other  species  will  thrive  in  partial  shade  and  are 
known  as  shade-bearing  trees.  Among  these  are  the  beech, 
maples,  hemlock,  and  oaks.  If,  then,  light-demanding  and  shade- 
bearing  trees  are  planted  together,  care  must  be  taken  that  the 
former  are  more  rapid  growers  or  else  that  they  are  given  suffi- 
cient start  to  enable  them  to  keep  in  the  lead. 

Thinning  becomes  one  of  the  most  important  operations  in  forest 
management.  Here  again  the  light  conditions  are  all-important 
and  must  be  carefully  studied.  It  is  well  known  that  a  tree  which 
grows  in  the  open  field  becomes  broad,  sturdy,  and  vigorous, 
beautiful  to  look  upon  but  useless  to  the  lumberman.  In  forest 
management  just  the  reverse  of  this  type  is  demanded.  The 
boles  must  be  tall  and  straight  and  taper  as  little  as  possible.  To 
secure  this  the  forest  should  be  thinned  but  lightly  in  its  earlier 
years  until  the  trees  have  attained  their  principal  height.  Thin- 
ning may  then  be  increased,  and  these  tall  slim  poles  will  increase 
in  size,  making  the  type  of  tree  most  desired.  By  this  method 
the  annual  layers  of  growth  will  be  more  uniform  and  the  quality 
of  timber  better,  because  the  tree  grows  less  rapidly  in  its  earlier 
years  than  it  would  do  under  normal  conditions. 

Nature  must  be  made  to  do  her  own  pruning  in  forest  manage- 
ment, and,  like  all  other  pruners,  her  work  will  be  more  eflfective 
if  done  when  the  branches  are  small.  When  trees  stand  thick  in 
their  earlier  years,  the  branches  are  killed  out  from  want  of  light 
while  yet  small ;  hence  no  large  knots  remain  to  injure  the  quality 
of  the  timber.  Statistics  taken  from  the  Black  Forest  as  to  the 
number  of  trees  per  acre  growing  in  forests  of  different  ages  show 
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the  averages  to  be  aboat  as  follows :  at  twenty  years  four  thou- 
sand trees  per  acre,  at  forty  years  one  thousand,  at  sixty  years 
four  hundred  and  fifty,  at  eighty  years  three  hundred  and  fifty,  at 
one  hundred  years  two  hundred  and  fifty.  The  number  of  trees 
per  acre  will  need  to  vary  with  conditions  of  soil,  climate,  and 
altitude ;  but  these  figures  may  give  a  general  idea  of  the  great 
difference  in  number  between  young  forests  and  old  forests  prop- 
erly managed. 

Many  systems  of  cutting  and  regeneration  are  in  vogue  where 
forests  are  systematically  managed.  For  the  farm  wood-lot  or 
small  holding  but  one  need  be  considered,  and  that  is  the  simplest, 
known  as  the  selection  system.  In  it  trees  are  cut  whenever  they 
have  attained  their  best  development,  young  ones  being  allowed  to 
take  their  places  at  once.  Trees  of  little  value  are  made  to  give 
place  to  those  of  greater  value,  the  object  being  at  all  times  to 
maintain  and  improve  the  condition  of  the  forest. 

The  kinds  of  trees  to  be  grown  is  a  question  of  importance. 
Their  rate  of  growth  and  their  ultimate  value  both  need  to  be 
considered.  In  general,  those  trees  which  produce  valuable  tim- 
ber and  produce  it  quickly  are  the  ones  to  be  sought.  Perhaps 
for  most  locations  the  white  pine  heads  the  list.  Basswood,  chest- 
nut, red  and  white  oak,  black  cheny,  locust,  catalpa,  ash  and 
others  need  to  be  considered.  The  trees  of  least  importance  are 
those  which  are  of  value  only  for  firewood  when  grown. 

The  profits  of  forestry  are  manifestly  small.  Land  well  suited 
to  the  production  of  farm  crops  can  seldom  be  profitably  used  for 
forests,  but  there  is  much  land  which  yields  such  meagre  returns 
when  tilled  that  if  properly  managed  as  woodland,  the  financial  re- 
sults would  be  better,  and  the  indirect  benefits  of  even  more  im- 
portance. The  relation  of  forests  to  communities  has  already 
been  discussed.  In  Europe  many  communities  own  forests  from 
which  substantial  returns  are  obtained.  The  city  of  Freudenstadt, 
a  city  of  some  six  thousand  inhabitants,  owns  five  thousand  nine 
hundred  and  fifty  acres  of  forest  land,  from  which  the  yearly 
revenue  amounts  to  from  twenty  to  twenty-five  thousand  dollars. 
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This  pays  all  city  expenses  and  gives  a  bonus  to  each  voter  in 
addition.  Baden-Baden  owns  ten  thousand  acres  of  forest  land 
from  which  it  secures  a  net  annual  revenue  of  nearly  $3.50  per 
acre.  Other  forests  not  so  long  under  proper  management  yield 
proportionately  smaller  returns,  the  best  yields  coming  from  those 
forests  which  have  been  longest  under  control.  Not  only  may 
communities  find  forests  profitable,  but  the  farm  wood-lot,  prop- 
erly managed,  if  confined  to  land  least  adapted  to  farm  purposes, 
and  especially  if  so  situated  as  to  afford  a  beneficial  wind-break 
and  aid  in  maintaining  the  supply  of  springs  or  streams,  will 
always  yield  good  returns. 
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from  the  cell  it  can  be  washed  down  with  the  hose  and  thoroughly  cleaned 
SO  that  his  successor  need  not  be  exposed  to  disease. 

As  a  means  of  securing  fire  protection  as  well  as  added  safety  against 
the  escape  of  convicts,  the  wooden  ceiling  of  the  old  building  w^'s 
removed  and  a  steel  ceiling  substituted  in  the  new  block,  extending  over 
the  entire  corridors.  The  ceiling  of  the  block  itself  and  the  central 
corridor  between  the  backs  of  the  cells  is  all  of  tool  proof  steel  plate.  The 
ceiling  of  the  fifth  tier  balcony  is  of  3/16"  soft  steel  plate,  and  the  ceiling 
over  the  main  corridors  outside  of  the  cell  block  of  light  steel  plate.  In 
the  case  of  fire,  which  can  now  occur  only  in  the  Rarrct,  the  fuel  supoly 
will  consist  simply  of  the  roof  trusses  and  roof  covering,  and  the  block 
is  so  protected  by  the  steel  ceiling  that  no  difficulty  would  ever  be  exper- 
ienced in  getting  the  entire  force  of  convicts  safely  outside.  The  moral 
effect  of  the  steel  ceiling,  in  discouraging  attempts  to  escape  is  also  a 
valuable  feature. 

The  impression  made  by  this  block  when  compared  with  the  adjacent 
one  in  the  east  wing,  which  was  built  on  the  same  general  design  as  the 
old  block  in  the  west  wing,  is  somewhat  striking.  The  object  aimed  at 
in  the  entire  design  is  not  primarily  to  give  the  convict  luxurious  quar- 
ters, but  rather  to  provide  a  habitation  consistent  with  cleanliness.  When 
this  object  is  attained  the  function  of  the  engineer  gives  way  to  that  of  the 
Chaplain  in  raising  the  convict  to  the  next  higher  level. 
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The  Opinion  that  the  forest  exercises  beneficial  influence  on  the  cli- 
mate, and  the  distribution  of  water  supplies  is  probably  much  older  than 
the  Christian  era.  There  is  reason  to  believe  that  Homer's  pleas  for  the 
mountain  forests  were  prompted  by  this  notion.  The  same  appears  true 
of  the  story  of  Erichthonios  who  is  punished  by  hunger  for  having  felled 
a  iacred  oak  in  the  groves  of  Ceres.  Equally  probable  is  the  opinion  that 
tl^  mjrthological  relation  of  nymph  or  deity  and  tree  had  for  its  object 
to  stay  the  heedless  destruction  of  the  woods. 

Rcessig  in  describing  the  politics  of  August  I,  (1586)  of  Saxony  calls 
attenion  to  a  clear  appreciation  of  the  influence  of  the  forest  on  the  well 
being  of  a  country.  Among  other  things  he  says:  "Frequently  the  for- 
est protects  the  food  supply  of  a  district.  It  protects  the  fields  against  the 
devastating  (dry  and  cold)  north  winds,  etc."  Buffon  1739  says;  "The 
longer  a  country  is  inhabited  the  poorer  in  forest  and  the  drier  it  gets." 
In  1792  the  administration  of  the  Department  Basses  Alpes  (Lower  Alps) 
reported:  "The  clearing  of  the  woods  progresses,  large  parts  of  the 
mountain  sides  are  bare,  the  smallest  creeks  have  developed  into  torrents, 
and  several  communities  have  lost  their  harvests,  herds  and  even  their 
buildings  by  floods." 

Humbold  and  other  travelers  brought  together  numerous  observations 
from  countries  like  Spain,  Italy,  Asia  Minor,  North  Africa  and  Assyria 
where  extreme  conditions  prevail  today  and  where  more  or  less  authentic 
records  fairly  prove  that  great  changes  have  taken  place,  which  in  most 
cases  are  described  as  partly  or  wholly  due  to  denudation  of  former  forest 
growth. 

During  the  19th  century  when  the  advocates  of  forestry  especially  of 
State  forestry  were  pleading  before  the  legislatures  of  the  central  Euro- 
pean states,  the  beneficial  influence  of  the  forest  on  climate  and  water- 
flow,  as  well  as  its  great  economic  value  in  producing  timber,  was  and  is 
today  one  of  the  stock  arguments.  And  it  is  this  great  argument  which 
has  led  to  the  first  steps  in  forest  protection  and  rational  treatment  in  our 
own  country,  and  has  brought  about  the  reservation  of  over  sixty  million 
acres  of  forest  lands  by  the  federal  government  and  of  millions  of  acres 
by  different  states.  The  influence  of  the  forest  then,  whether  fallacy  or 
truth,  has  proven  a  most  important  conception  in  political  economy. 

For  convenience  we  may  divide  the  consideration  of  forest  influences 
into: 

(a)  What  are  the  influences  usually  ascribed  to  the  forest. 

(b)  What  are  the  factors  which  underly  these  influences. 

(c)  How  much  of  these  influences  may  we  regard  today  as  proven 
knowledge  or  fair  inference,  and  what  portions  remain  as  open  questions. 

Generally  the  forest  influences  are  treated  differently  by  different  men 
and  in  different  localities.  Generally,  too,  the  difference  of  opinions  in 
this  matter  is  largely  due  to  a  lack  of  clear  statement  of  premises.  Fre- 
quently strong  assertion  without  attempt  of  proof  robs  the  reasonable  por- 
tion of  the  claims  of  their  power  to  cnvince.    In  addition,  and  this  is  es- 
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pecially  true  of  the  controversy  of  latter  years,  the  opponents  agree  that 
the  forest  exercises  certain  influences,  or  has  the  power  to  do  so,  but  dis- 
agree as  to  the  actual  amount  of  such  influence  and  its  importance  in  the 
household  of  nature.  For  it  is  here,  as  in  so  many  controversies  of  this 
kind,  the  defender  claims  too  much,  the  opponent  allows  too  little  and 
neither  appears  to  notice  that  it  is  the  proverbial  last  straw  which  breaks 
the  camel's  back.  But  in  forest  influences  more  than  in  many  other  sim- 
ilar cases  it  is  the  small  additional  help  which  the  forest  gives  which 
counts  for  so  much.  A  mere  handful  of  straw  checks  the  "blow-out"  of 
sand  in  your  field;  a  li^ht  brush  shelter  checks  the  dune;  a  light  brush 
cover  protects  the  seedlmg  plants  against  the  killing  wind  and  sun;  the 
90  degree  F.  in  the  sun  are  painful  while  the  80  degree  F.  in  the  shade  of 
a  single  tree  are  quite  tolerable,  or  even  pleasant.  It  is  the  last  few  inches 
of  our  last  spring's  flood  which  changed  a  "high  water"  to  a  flood  and 
cost  Michigan  millions  of  dollars  in  property.  Similarly  it  is  usually*  the 
last  few  inches  of  low  water  stage  which  change  the  conditions  from  pow- 
er enough  to  run  the  mill  to  a  condition  of  shut  down.  The  crops  of 
last  summer  in  this  vicinity  did  not  suffer  because  there  was  no  rain, 
for  such  was  not  the  case,  they  suffered  because  they  had  ndt  quite 
enough.  A  bit  of  protection  against  the  drying  winds  might  easily  have 
remedied  this. 

Ordinarily  and  originally,  forest  influences  were  supposed  to  consist 
of  beneficial  modification  of  climate  and  water  flow,  though  even  in  the 
earliest  expressions  the  beneficial  action  of  forest  on  soil  and  the  ability 
of  the  forest  to  produce  a  valuable  crop  on  poor  lands,  or  lands  not  suited 
for  fields,  was  clearly  added  or  involved.  Accordingly  we  may  say  that 
it  was  supposed  that: 

The  forest  modifies  the  climate,  by  increased  rain  fall  or  precipitation 
generally,  by  equalizing  the  temperature,  making  a  country  cooler  m  sum- 
mer or  warmer  in  winter ;  and  by  checking  the  influence  of  wind  and  storm. 

The  forest  regulates  the  water  supply,  producin^f  a  condition  of  more 
water,  less  flood,  steadier  stream,  and  more  soil  moisture.  In  this  way  it 
was  believed  that  the  forest  makes  the  land  more  hospitable,  pleasant  and 
healthful,  and  assists  agriculture,  navigation  and  manufacture. 

And  it  was  also  held  that  the  forest  improves  any  soil,  and  its  help 
is  necessary  on  poor  lands  to  produce  any  crop  at  all. 

While  the  form  of  this  belief  has  been  modified  and  the  stress  is  laid 
more  and  more  on  the  things  which  may  be  proven  or  at  least  fairly  in- 
ferred, the  above  three  points  still  cover  the  matter  of  forest  influences. 

Formerly  it  was  chiefly  the  increased  rain  fall  which  made  the  forest 
appear  important  to  the  state.  Today  it  is  realized  that  its  value  in  the 
regulation  of  water  storage  and  water  flow,  and  its  power  to  improve  poor 
soils  and  to  utilize  the  poorest  of  soils,  amply  justifies  the  care  which  the 
people  of  nearly  all  civilized  states  bestow  on  the  protection,  improvement 
and  extension  of  the  forest. 

For  centuries  the  claims  of  forest  influences  were  based  on  observa- 
tions and  interpretations  of  extreme  conditions.  The  misery  of  Asia  Minor, 
the  aridity  of  the  lands  of  Babylon  and  Nineveh  were  ascribed  to  timber 
denudation.  But  about  the  middle  of  the  eighteeth  century,  scientific  men 
no  longer  content  with  these  unproved  assertions  demanded  exact  study 
of  this  great  question  and  the  prmcipal  factors  underlying  the  same. 

Stations  were  established  in  France,  Germapy,  Austria,  Sweden,  to 
study  forest  influences.  These  were  usually  double  stations,  one  inside  of 
the  forest,  the  other  in  the  open  field,  but  in  some  cases  regular  "radial 
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stations,"  or  scries  of  stations  were  established  to  note  just  how  far  the 
influence  of  the  forest  might  be  felt.  The  observations  were  mostly  ac- 
cording to  the  programme  of  Regensburg  and  involved:  Temperature  of 
air  and  soil,  rainfall  and  humidity.  Generally  the  study  of  water  flow  and 
evaporation  which  were  also  included  in  the  programme  required  special 
methods  and  facilites. 

After  half  a  century  of  observations  it  is  fair  to  say  that  in  the 
old  settled  states  mentioned  and  as  far  as  these  observations  go, 
there  falls  as  much  rain  and  snow  on  the  open  fields  as  in  the 
forest,  and  the  air  in  a  box  (properly  shaded)  hung  up  in  the 
open  Held  is  no  warmer  than  the  air  in  a  similar  box  similarly  shaded  in 
the  forest.  That  the  shaded  air  in  the  forest  should  be  as  warm  as  the 
non-shaded  air  over  the  open  field  was  never  claimed,  and  the  results 
seem  to  indicate  that  the  real  and  measured  difference  between  the  air  in 
the  forest  and  that  outside  of  the  forest  amounts  to  about  the  difference 
between  the  temperature  in  shade  and  in  the  sun,  disappearing,  of  course, 
during  cloudy  weather  and  at  night. 

Similarly  the  air  in  the  German  forest  is  generally  found  no  more 
humid  than  the  air  of  the  neighboring  field. 

The  study  of  the  waters  of  the  soil  and  streams  which  were  made  to 
ascertain  the  influence  of  the  forest  did  not  lead  to  results  at  all  satisfac- 
tory. Their  interpretation  was  usually  based  on  premises  which  were  by 
no  means  beyond  dispute.  The  measurement  of  two  streams,  one  from  a 
heavily  wooded,  the  other  from  a  poorly  timbered  basin,  might  show  con- 
siderable differences,  but  usually  peculiarities  of  topography,  natural  and 
artificial  drainage  lines,  rock  and  soil  conditions  would  make  the  results 
seem  doubtful  if  not  valueless.  For  this  reason  experimenters  like  Wollny 
and  Btihler  long  ago  conceived  the  idea  of  subjecting  this  entire  mat- 
ter to  experiment.  They  used  large  boxes  filled  with  earth  of  definite  uni- 
form quality  and  stocked  some  of  these  with  miniature  forests  of  small 
size  trees  of  different  kinds. 

Before  discussing  the  results  of  these  experiments  it  will  perhaps  be 
well  to  consider  a  few  fundamentals  which  enter  into  the  study,  and  for 
which  a  simple  illustration  is  here  repeated. 

If  we  take  a  table,  prop  up  one  side  to  represent  a  hillside  or  slope; 
pour  water  on  this  table  with  a  sprinkler  to  imitate  rain,  we  see  that  thie 
water  runs  off  about  as  fast  as  poured  on,  the  faster  the  steeper  the  slope. 
Now  this  is  exactly  what  happens  on  a  bare  rocky  slope  and  very  nearly 
what  happens  on  a  steep  slope  where  the  ground  is  hard  and  bare.  We 
have  here  nearly  all  of  our  precipitation  in  the  form  of  "surface  run  off." 

If  now  we  cover  the  table  with  a  six  inch  layer  of  earth  and  repeat 
sprinkling,  taking  care  not  to  sprinkle  too  hard,  we  note  that  at  first  nearly 
all  the  water  sinks  into  the  soil.  Soon  however  we  have  little  rivulets 
which  gather  into  larger  ones  and  there  is  again  a  surface  run  off,  but 
restricted  to  certain  drainage  lines  or  streams.  But  soon  there  is  a  gather- 
ing of  the  water  which  has  soaked  into  and  through  the  layer  of  earth  and 
is  pouring  into  little  streams  flowing  along  the  surface  of  the  table  itself, 
but  underneath  the  layer  of  earth.  This  is  our  "underground  run  off." 
If  now  we  stop  sprinkling,  the  surface  run  off  stops  quite  promptly,  but 
the  underground  run  off  continues  for  hours.  The  layer  of  earth  forms 
a  storage  ground  for  the  water  in  which  the  waters  slowly  gather  and 
form  into  underground  streams  whose  flow  continues  long  after  the 
sprinkling  or  precipitation  ceases.  It  is  evident  that  the  deeper  the  layer 
of  earth  the  more  water  it  can  hold.    Also  that  the  softer  the  earth  the 
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easier  the  water  can  soak  in  and  the  more  will  soak  in  and  conribute  to 
the  underground  stream  instead  of  running  off  at  the  top  as  surface  run 
off.  It  is  clear  that  this  experiment  reproduces  what  is  going  on  all  over 
the  land. 

If  now  we  resume  the  sprinkling,  but  sprinkle  with  more  force,  we 
see  the  water  gathering  in  the  surface  rills,  carrying  off  more  or  less  of 
the  soil,  and  thus  gradually  washing  out  or  carving  gfullies  which  grow 
in  depth  and  width,  the  faster  the  water  flows  and  the  more  water  is  sup- 
plied. Soon  these  many  gullies  help  the  surface  run  off  so  much  that  but 
little  soaks  into  the  soil,  doubly  so  since  the  harder  sprinkling  also  tends 
to  pack  or  harden  the  general  surface  of  the  layer  of  earth. 

But  this  again  resembles  what  goes  on  all  the  time  on  the  earth's  sur- 
face and  thousands  of  acres  of  our  western  "brakes"  and  "bad  lands"  have 
an  appearance  as  if  they  had  been  carved  chiefly  to  illustrate  this  phase  of 
soil  physics. 

It  is  especially  interesting  at  this  point  to  note  how  the  trouble  itself 
increases  the  power  to  do  mischief.  The  more  the  land  is  carved,  and  gul- 
lied, ditched  and  plowed,  the  swifter  the  water  runs  off  and  the  more  car- 
ving or  eroding  it  can  do. 

If  now  we  cover  the  layer  of  earth  with  moist  cotton  batting,  or  some 
other  similar  material,  we  find  that  the  soil  does  not  erode  as  it  did  before, 
and  also  that  it  does  not  compact  by  the  spray  of  water,  but  that  again 
there  is  an  ample  soaking  in  of  water,  an  underground  run  off. 

But  there  is  another  important  fact  developed,  namely  that  this  cover 
of  cotton  batting  hinders  the  surface  run  off  very  materially  and  thus  gives 
the  water  all  the  more  chance  of  soaking  in.  That  a  cover  of  growing 
grass  or  other  vegetabtion  could  do  the  same  service  is  at  once  apparent, 
and  it  is  at  this  point  where  the  influence  of  a  live  vegetable  cover  enters 
into  the  problem. 

That  there  is  a  certain  loss  of  water  by  evaporation  throughout  this 
experiment,  and  that  this  occurs  in  nature  during  every  rain  as  well  as  at 
all  other  times  is  self  evident. 

Generally  then  the  water  precipitated  as  rain  or  snow  is  either  evap- 
orated at  once,  runs  off  at  the  surface,  or  soaks  into  the  ground  and  is 
there  stored  and  slowly  finds  its  way  into  spring  or  creek  as  underground 
stream.  This  storage  of  water  in  the  ground,  which,  to  man  is  one  of  the 
most  vital  phenomena  is,  as  far  as  our  experiment  indicates  the  greater, 
the  more  water  offered,  the  more  gentle  and  even  the  sprinkling  or  pre- 
cipitations, the  softer  or  more  accessible  the  soil  and  the  thicker  the  layer 
in  whcih  s^torage  can  take  place,  and  the  slower  the  surface  run  off,  either 
through  lack  of  fall  of  ground  or  through  actual  obstacles,  such  as  rough 
surface,  quantities  of  debris,  or  growing  plants. 

Returning  to  the  experiments  of  Dr.  Wollny  and  keeping  in  mind  the 
foregoing  it  is  interesting  to  know  that  the  results  of  these  experiments 
which  well  deserve  to  be  called  final  and  conclusive,  fully  agree  with  the 
above  conclusions  and  differ  only  in  so  far  as  a  live  vegetable  cover, 
whether  grass  or  forest,  differs  radically  from  a  lifeless  cover  assumed 

before. 

Briefly  some  of  Wolln/s  results  were  as  follows: 
I.  The  erosion  is  hindered  by  a  vegetable  cover.  At  an  angle  of  20 
degrees  there  is  over  thirty  times  as  much  erosion  or  material  washed 
away  per  square  foot  from  bare  soil  than  from  the  same  soil  covered  by 
a  sod  of  growing  grass.  Since  erosion  depends  upon  surface  run  off,  the 
above  is  also  a  measure  of  this  run  off. 
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2.  The  soil  under  a  cover  of  trees  is  no  moister  than  the  soil  of  bare 
land  A  large  average  gave  results  indicating  that  the  soil  covered  with 
the  miniature  forest  was  even  dryer. 

3.  The  forest  litter  if  only  one  inch  thick  protects  the  soil  against 
evaporation  of  water,  so  that  bare  soil  evaporates  three  to  five  times 
as  much  water  as  soil  covered  by  such  a  layer  of  litter. 

4.  The  percolation  or  soaking  of  water  in  and  through  the  ground 
was  not  helped  by  the  vegetable  cover,  but  was  even  hindered. 

5.  There  is  much  more  evaporation  of  water  from  land  covered  by 
a  vegetable  cover  than  from  bare  land  and  the  forest  cover  in  this  respect 
is  worse  than  a  short  lived  cover  of  grass. 

The  forest  tree  is  a  consumer  of  water  like  every  other  plant,  and  the 
faster  it  grows  and  the  thriftier  it  is  the  more  water  it  needs  and  uses  and 
sends  up  into  the  air  as  vapor.  That  this  evaporation  consumes  heat  and 
tends  to  cool  the  atmosphere  is  a  simple  matter  of  physics. 

Years  of  careful,  well  controlled  experiments  demonstrate  then  that 
any  live  vegetable  cover,  but  notably  a  forest  strongly  influences  the  fac- 
tors which  determines  water  storage  and  water  flow.  The  run  off  and 
with  it  the  erosion  is  reduced,  and  thus  by  far  the  most  important  factor 
in  the  entire  process  is  affected  in  favor  of  water  storage. 

Comparing  now  the  conditions  we  actually  see  and  meet  in  the  for- 
est with  the  conditions  of  the  experiments  it  is  interesting  to  note  that 
the  experiments  are  quite  fair,  but  that  some  very  important  conditions, 
evident  in  nearly  every  good  forest  and  especially  in  our  wild  woods,  are 
not  well  reproduced  in  the  experiment. 

Examining  the  wild  woods  from  this  standpoint  we  see: 

A  collection  of  plants  60  to  100  feet  tall  forming  a  gigantic  brush- 
shelter  on  huge  columns,  with  the  ground  peculiarly  uneven,  strewn  with 
debris  and  often  densely  covered  with  the  smaller  growth  of  shrubs  and 
young  trees. 

The  soil  as  well  as  the  layer  of  air  fifty  or  more  feet  deep  is  shaded^ 
On  a  hot  sunny  day  this  soil  and  layer  of  air  are  affected  as  things  in  the 
shade  and  not  as  things  in  the  open,  so  that  they  are  cooler  by  several  de- 
grees, a  condition  which  effects  plants  and  animals  in  a  marked  degree, 
and  also  diminishes  the  shelter  capacity  of  the  air. 

The  air  is  quiet.  This  huge  brush  shelter,  like  any  artificial  shelter 
of  the  same  size  and  quality,  retards  the  movement  of  the  air.  The  effect 
of  a  hot,  dry  wind  is  lessened,  the  cooler  air  stays,  the  soil  remains  moist, 
the  sensitive  kinds  of  plants  survive. 

In  winter  time,  the  sudden  thaw,  nearly  always  a  warm  wind  with 
rain,  is  checked  by  this  huge  shelter  and  while  the  snow  on  the  prairie  is 
fairly  "eaten"  by  the  Chinook,  the  snow  of  the  forest  is  protected  and 
holds  out  much  longer,  often  but  a  small  part  disappearing  with  the  thaw. 
That  this  affects  high  water  and  the  flood  is  clear.  While  the  snow  on  our 
field  is  piled  up  along  the  fences  and  in  the  gullies  as  if  made  ready  for 
a  rapid  surface  run  off,  the  snow  in  the  forest  is  distributed  evenly  and  is 
protected  against  wind  and  sun  alike. 

The  soil  is  uneven.  Every  stump  and  tree  is  on  an  eminence  with  de- 
pressions between.  To  be  sure,  this,  as  several  other  points  very  with  soil, 
lay  of  land  and  even  with  species.  But  generally  the  soil  is  uneven  and 
in  most  of  our  Michigan  flat  land  woods  one  can  see  large  amounts  of 
snow  or  rain  water  stand  in  puddles  gradually  soaking  into  the  ground 
without  any  marked  increase  in  surface  run  off,  and  consequent  flood  or 
high  water. 
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The  soil  is  softer  in  the  forests  than  on  bare  land  such  as  prairie,  pas- 
ture or  long  time  burned  slash  lands.  This  particular  feature  has  generally 
escaped  the  experimenter  and  yet  any  one  at  all  familiar  with  the  woods 
has  observed  the  difference.  Live  and  decaying  roots  are  met  everywhere, 
and  often  form  io%  or  more  of  the  upper  one  foot  layer  of  soil.  All  through 
the  soil  there  is  an  abundance  of  vegetable  matter  and  a  constant  working 
over  of  materials  by  bacteria,  by  higher  plants  and  animals.  That 
the  rain  water  follows  the  many  channels  of  decaying  roots  and 
finds  it  easier  to  soak  into  such  mellow  forest  soil  appears  fair  inference, 
in  spite  of  the  failure  of  WoUny  to  find  this  under  his  small  miniature 
forests. 

The  soil  is  protected  by  a  mulch  of  decaying  leaves.  Exceptions  to 
this  occur,  but  they  are  restricted  to  peculiar  forms  of  forest,  arid  regions 
or  localities  where  man  and  fire  have  begun  their  work  of  "improvement." 

The  value  of  this  mulch  is  well  brought  out  by  the  experiments  referred 
to  and  is  apparent  to  anyone.  Under  the  mulch  the  material  is  damp  even 
weeks  after  rain. 

The  soil  is  frequently  free  from  frost  and  accessible  to  water  in  win- 
ter when  the  soil  of  the  fields  is  frozen  solid  and  therefore  impervious. 
Large  quantities  of  debris,  decaying  logs,  limbs  and  twigs  cover  a  goodly 
part  of  the  ground  in  our  wild  woods.  All  this  material  soaks  up  water, 
holds  water  better  than  the  soil,  offers  mechanical  resistance  to  the  run 
off  of  water,  and  adds  to  the  shelter  furnished  by  the  forest. 

A  small  shower  in  the  forest  barely  reaches  the  ground,  of  all  the 
water  precipitated  by  a  half  hour's  shower  of  moderate  force  probably 
not  50%  would  ever  reach  the  ground.  Rain  gauges  under  trees  in  ex- 
periments have  recorded  20-50%  less  water  than  others  located  near  by 
but  outside  of  the  forest.  But  evidently  such  figures  have  little  value,  for 
in  a  long  continued  rain  o  fa  week's  duration  this  loss  is  practically  zero, 
while  in  the  half  hour  shower  it  may  be  near  100%. 

A  heavy  rain  fall  of  four  hours  in  a  forest  "wets  things  down,"  but 
unless  it  is  steep  slope  country  there  is  no  rush  of  water  in  the  littlte 
creeks.  A  rain  of  the  same  character  here  about  Ann  Arbor  transforms 
the  little  streams  like  our  Mill  Creek  into  a  muddy  torrent,  in  which  hun- 
dreds of  loads  of  the  most  valuable  soil  of  the  farms  are  sent  into  Huron 
river  and  thus  permanently  lost. 

A  three  days  rain  makes  the  Brazos  river  at  the  Double  Mountains  in 
western  Texas  an  impassable  yellow  torrent  This  flood  subsides  in  about 
the  same  number  of  days  so  that  the  teams  camp  and  wait  to  ford.  A 
three  days  rain  on  the  upper  Wisconsin  does  not  swell  the  river.  But 
high  water  on  the  Wisconsin  river  is  not  a  five  days  affair  but  can  be  de- 
pended upon  for  two  months  log  driving  or  rafting. 

The  fact  that  the  forest  materially  and  beneficially  affects  the  soil  is 
no  longer  disputed.  But  while  it  is  one  of  the  most  valuable  features  and 
one  of  great  immediate  economic  importance,  a  feature  worth  many  mil- 
lions of  dollars  every  year,  yet  it  is  usually  left  out  of  the  consideration  of 
forest  influences. 

The  action  of  the  forest  in  this  direction  may  be  summed  up  about 
as  follows: 

The  forest  trees  draw  up  the  mineral  salts,  serving  as  plant  food, 
from  a  greater  depth  than  corn  or  wheat,  etc. 

The  forest  like  the  good  farmer  returns  to  the  soil  nearly  as  much  as 
it  takes  of  this  plant  food  and  spreads  it  every  year  over  the  ground  in 
shedding  its  leaves.     The  forest  furnishes  ample  vegetable  material  to 
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keep  the  soil  in  fertile  condition,  keeping  it  more  moist  and  mellow, 
adding  this  organic  material  the  forest  encourajges  bacteria  fungi,  insects, 
etc,  which  help  in  working  the  soil  and  improving  its  condition,  hastening 
even  the  disintegration  of  the  mineral  constituents.  Keeping  the  soil  more 
mellow  the  forest  makes  the  soil  more  pervious  to  water  and  thus  also 
improves  its  moisture  conditions. 

The  forest  protects  the  soil  against  erosion,  against  sun  and  wind,  all 
recognized  enemies  of  soil  fertility. 

While  this  reasoning  seems  of  little  importance  to  the  farmer  in  Iowa, 
located  on  the  richest  of  land,  it  is  of  great  importance  in  our  Lake  Static 
pineries  and  in  the  vast  stretches  of  poor  sand  along  the  Atlantic  and 
Gulf.  The  capacity  of  the  forest  to  use  and  improve  lands  not  otherwise 
of  value  will  mean  millions  of  dollars  per  year  to  our  Lake  Region  alone 
and  offers  the  only  reliable  means  at  present  to  utilize  millions  of  acres 
of  land  denuded  waste  and  unproductive  for  many  years  past 

If  now  we  ask  ourselves :  What  do  we  know  concerning  the  influence 
of  the  forest;  what  may  we  fairly  infer  and  what  is  still  doubtful  ground, 
it  is  clear  from  the  foregoing  fragmentary  statement  that  the  strong  belief 
in  these  influences  on  the  part  of  the  people  at  large  and  especially  our 
western  people  is  quite  well  based. 

Demonstrated  experimentally;  fully  borne  out  by  all  careful  observa- 
tion, quite  generally  conceded  and  commonly  applied  in  practice  is  the  fact 
that  the  forest  trees  hold  the  soil,  prevent  erosion,  and  retard  the  run  off 
of  water.  The  common  use  of  willows  along  dams  and  dikes,  the  cover 
of  steep  slopes  with  alder  and  other  forest  growth;  the  cover  of  Alpiile 
slopes  by  the  French  government  all  indicate  the  general  agreement  on  this 
point  Similarly  the  gullying  of  probably  over  io%  of  all  upalnd  farm- 
lands  of  Mississippi  clearly  prove  the  opposite  or  the  effect  of  denudation, 
and  the  same  is  true  of  thousands  of  acres  of  land  washed  into  gullies 
right  here  in  southern  Michigan. 

Equally  well  substantiated  and  for  centuries  known  to  the  forester 
and  extensively  employed  in  the  agriculture  of  certain  mountain  regions 
is  the  fact  that  the  forest  maintains  and  improves  the  fertility  of  the  soil 
and  is  so  far  the  onlv  reliable  agent  to  cure  and  improve  certain  classes 
of  run  down  lands.  Equally  well  substantiated  is  the  influence  of  the  forest 
in  moderating  the  effects  of  winds.  This  too  is  a  matter  of  simple 
and  especially  of  late  extensively  employed  on  our  western  plaiiis. 
In  Manitoba  it  is  now  claimed  that  a  shelter  belt  protects  a  crop 
of  wheat  noticeably  for  a  distance  of  fifty  feet  for  every  foot  in  height  of 
the  trees. 

Similarly  it  is  not  disputed  and  is  generally  observed  as  well  as  meas- 
ured that  the  flow  of  prairie  streams  is  radically  different  in  character 
from  that  of  streams  from  timbered  areas  of  about  the  same  topography 
The  extensive  and  faithful  observations  of  the  U.  S.  Geological  Survey 
amply  demonstrates  this  fact— that  flood  and  drouth  regularly  alter- 
nate in  the  streams  of  prairie  and  arid  land  districts,  while  the  streams 
from  timbered  areas  present  a  more  uniform  flow  and  normally  lack  the 
mischief  bringing  extremes. 

To  the  above  hundreds  of  general  observations  might  be  added. 
Perhaps  no  place  in  the  world  was  better  suited  than  Michigan  to  supply 
valuable  information  on  this  point.  The  southern  countries  were  largely 
swamp-dotted  forest  of  which  the  surveyor  loo  years  ago  stated  it  was 
unfit  for  human  habitation  or  settlement.  Ague  was  common;  corduroy 
roads  were  universal.    The  clearing  of  the  land,  letting  in  wind  and  sun. 
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was  the  simple  method  of  drying  up  our  land,  for  no  one  would  seriously 
argue  that  if  the  forest  had  been  left  intact,  the  few  ditches  and  lines  of 
pigrny  tiles  would  ever  have  made  any  impression  on  the  moisture  con- 
ditions of  this  wilderness.  At  the  present  time,  every  year  miles  of  cor- 
duroy road  are  abandoned  and  thousands  of  acres  of  swamp  are  changing 
into  plough  lands  without  tile  or  ditch. 

Concerning  the  influence  of  the  forest  on  the  climate  particularly  on 
temperature  and  rain  fall,  there  remains  great  difference  of  opinion.  The 
matter  is  still  an  open  question.  As  has  been  pointed  out  the  stratum  of 
air  in  the  forest  and  with  it  the  soil  and  the  plants  enjoy  the  shade  of  the 
huge  brush  cover;  of  this  layer  it  is  fair  to  claim  what  has  been  stated 
above,  namely  that  in  sunny  weather  the  forest  air  and  plants  and  soil  en- 
joy the  temperature  of  the  shade  instead  of  the  temperature  in  the  open 
field  or  prairie.  That  the  evaporation  of  water  from  the  trees  consumes 
heat  and  being  greater  than  that  of  a  prairie  area,  would  tend  to  cool  the 
forest  and  air  about  the  forest  is  beyond  dispute.  That  this  influence  is 
of  value  and  felt  especially  by  the  more  sensitive  plants  and  animals  is  be- 
yond doubt,  but  that  it  should  make  itself  felt  in  the  general  climate  of 
the  region  must  remain  uncertain  and  is  certainly  not  a  proven  fact.  And 
plete  removal  of  all  forest  cover  of  Germany,  for  instance,  would  remain 
without  appreciable  effect  on  the  temperature  phase  of  its  climate.  How 
much  more  this  is  true  of  arid  and  semi-arid  forested  regions  one  needs 
but  to  think  of  parts  of  the  Rockies  and  the  west. 

As  to  the  rainfall  we  are  still  where  we  were  fifty  years  ago.  The 
difficulties  of  exact  measurement  alone  involve  sufficient  error  of  observa- 
tion to  probably  obscure  the  influence  which  the  forest  may  have  in  this 
direction.  But  while  there  is  nothing  proven,  nothing  generally  conceded, 
it  is  difficult  to  give  up  the  thought  of  some  influence  here.  A  local  show- 
er here  in  the  Lake  Region  may  well  be  supposed  to  precipitate  some  of 
the  moisture  evaporated  from  lake,  swamp  or  forest  of  the  neighborhood. 
If  this  be  true,  then  water  storage,  extensive  evaporation  from  forest 
areas  should  be  credited  with  at  least  a  part  of  our  local  showers  and  thus 
the  forest  be  credited  with  some  influence  on  precipitation.  And  there 
certainly  is  much  probability  in  the  suggestion  of  Judge  X,  of  Alturas,  Cal., 
when  he  said,  while  watching  the  clouds  coming  from  the  west  and  fading 
into  the  endless  blue  of  the  Nevada  desert,  "Suppose  these  mountains 
(Warner  range)  were  entirely  bare,  don't  you  suppose  that  this  continu- 
ous sunshine  would  heat  them  until  the  clouds  would  all  pass  over  with- 
out shedding  a  drop  of  water?"  This  same  thought  is  expressed  by  Hum- 
bold  in  his  Kosmos,  and  is  a  thought  quite  universal  among  people  who 
have  had  a  chance  to  compare. 

But,  it  will  be  asked  if  so  in  many  essential  points  of  forest  influences 
are  thus  proven  and  conceded,  why  is  there  so  much  controversy? 

The  reason  is  this:  These  influences  are  clear  and  beyond  doubt 
qualitatively,  but  not  so  quantitatively.  "All  true  enough,  but  it  does  not 
amount  to  anything,"  is  the  common  phrase  of  the  opponent.  And  here 
lies  still  the  cause  of  dsagreement.  Millions  of  observations  on  rainfall, 
on  temperature  and  humidity  of  air  and  soil  in  forest  and  field  have  done 
practically  nothing  to  demonstrate  any  marked  influence  in  this  direction. 

Experiments,  observations  and  measurements  have  demonstrated  that 
the  forest  improves  the  soil  and  affects  water  storage  and  water  flow. 
As  to  the  improvement  of  the  soil  controversy  has  ceased.  Even  though 
the  matter  can  not  be  stated  in  simple  figures  we  are  agreed  that  it  is 
enough  to  be  of  enormous  economic  importance.    Governments  and  pri- 
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vate  people  alike  are  willing  to  undertake  large  operations  of  restocking 
poor  land  with  timber  on  the  assumption  of  the  quantitative  value  of  this 
form  of  forest  influence.  As  regards  water  storage  and  w^er  flow  we 
are  still  more  or  less  disagreed.  While  exact  experiments  on  a  small 
scale  demonstrated  qualitatively  the  relative  value  of  the  different  factors 
entering  the  problem  and  while  they  thus  prove  the  important  influence  of 
the  forest  cover,  it  appears  to  be  beyond  these  experiments  to  furnish 
mathematical  expressions  which  could  be  applied  to  the  field.  This  is  but 
natural.  The  problem  on  the  swamp-dotted  flat  pinery  sands  of  the 
Lake  Region  can  in  no  wise  be  compared  to  the  problem  of  the  mountain 
districts  of  Pennsylvania  or  the  West,  The  amount  and  distribution  of 
precipitation,  topography,  soil,  rock,  prevalent  winds,  general  tempera- 
ture, species  of  trees  and  consequent  character  of  the  forest  all  tend  to 
complicate  this  problem. 

Measurements  of  streams  of  well-  and  poorly  forested  basins 
abroad  have  not  helped  in  this  matter.  Measurements  of  tiie  Ohio,  Wis- 
consin and  other  Jstreams,  and  the  attempt  to  prove  historically  a 
change  for  the  worse  in  their  flow,  flood  and  low  water  conditions  were 
but  little  more  satisfactory,  though  to  one  who  has  lived  through  these 
changes,  has  seen  the  Wsiconsin  change  from  a  navigable  river  into  its 
present  condition  these  changes  are  powerful  argument.  The  measure- 
ments of  prairie,  arid  land  and  forest  streams  by  the  U.  S.  Geological  Sur- 
vey in  our  country  have  done  more  and  have  at  least  pointed  out  even 
quantitatively  the  wide  difference  between  the  character  of  the  flow  of 
these  streams.  An  address  by  J.  B.  Lippincott  of  the  Reclamation  Ser- 
vice of  the  U.  S.  G.  S.  at  the  Forestry  Congress  at  Washington,  Jan.  1905 
brought  out  these  facts  most  convincingly. 

But  when  the  question  is  asked:  How  much  difference  will  it  make 
whether  we  go  on  and  clear  our  lands  or  leave  25%  of  the  area  in  woods? 
we  are  still  without  a  reliable,  even  approximately  accurate  answer.  That 
it  will  make  a  difference,  we  all  know  and  concede;  but  how  much  we  do 
not  know  and  probably  never  shall.  The  complications  are  too  numerous, 
the  factors  too  large.  A  few  have  been  indicated  above.  A  river  basin, 
today  covered  by  timber,  but  cleared  during  the  next  five  years,  will  not 
take  on  a  settled  water  storage  condition  at  once.  For  years  the  benefit 
of  a  forest  cover  will  continue  to  be  felt.  In  many  places,  such  as  parts 
of  Michigan,  Ohio  and  Indiana,  the  clearing  and  partial  drying  of  the 
land  was  a  benefit,  was  necessary  to  make  the  land  hospitable.  So  the 
question  is  one  of  immediate  local  conditions. 

For  southern  Michigan  it  is  safe  to  say  that  by  denudation  of  forest 
by  cultivation  of  land,  by  ditching  and  drainage,  we  have  reduced  the 
water  stored  in  the  land  and  have  increased  the  surface  run  off  to  an  ex- 
tent which  has  affected  the  general  welfare  of  our  people.  By  the  same  means 
we  have  encouraged  erosion  which  has  cost  us  thousands  of  acres  of  good 
land  by  gullying  and  has  injured  by  surface  washing  many  thousands  more. 
We  have  encouraged  the  sweep  of  drying  winds  and  thus  lost  in  our  agri- 
cultural crops  sums  which  no  one  is  in  position  to  estimate,  though  the 
loss  is  universally  acknowledged  and  its  immediate  cause  conceded.  The 
individual  farmer,  the  business  man  of  the  town  and  city,  the  railway,  the 
town,  county  and  state  all  are  losers,  and  the  latter  the  greatest  loser  of 
all.  Its  loss  counts  up  by  millions  of  dollars  per  year,  and  not  merely  for 
today  and  tomorrow,  but  for  all  time  to  come.  The  individual  can  not 
and  will  not  correct  the  trouble,  the  state  alone  can.  Will  it  see  its  oppor- 
tunity and  its  duty?  ^ 
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surroundings  and  human  associations  ;  both  exerting  a  powerful 
pressure  on  character.  Of  human  associations,  the  family  is  the 
most  influential ;  but  its  partial  decay  has  thrown  the  proper 
function  of  the  family  upon  the  school,  hence  the  demand  for 
an  education  having  primary  reference  to  character.  Such  edu- 
cation may  be  obtained,  in  a  measure  from  all  subjects,  but  most 
readily  and  effectively  from  literature  and  history.  This  explains 
their  sudden  and  unprecedented  prominence  in  the  schools  and 
in  educational  discussions.  Literature  is  the  most  efficient  in 
developing  the  consciousness  and  training  the  character  of  the 
individual  as  such ;  but  for  this  very  reason  its  tendency  is 
subjective  and  cosmopolitan  rather  than  objective  and  national. 
The  tendency  of  history,  on  the  other  hand,  is  in  precisely  the 
opposite  direction,  so  that  literature  and  history  constitute,  in 
this  respect,  the  educational  complements  of  each  other.  The 
content  of  history,  as  of  literature,  is  ethical:  through  it  the 
individual  enters  into  the  experience,  the  ethical  heritage,  of  his 
race.  But  unlike  literature  the  ideals  embodied  are  objective 
and  the  inspiration  is  drawn  from  deeds,  not  words.  History 
moreover,  is  distinctively  social :  its  function  is  the  development 
of  character  with  reference  to  life  in  organized  society.  It  is 
the  foundation  of  patriotism  and  good  citizenship ;  it  diffuses  the 
ideals  which  unite  the  people  into  one  nation ;  it  leads  to  an 
understanding  of  the  present  organization  of  society  ;  it  gives  a 
clear  and  sane  outlook  upon  the  future,  combining  conservatism 
and  progress ;  it  causes  the  individual  to  feel  himself  a  part  of  a 
larger  social  whole,  an  instrument  of  a  Higher  Power. 

Is  it  asked  how  much  of  this  may  be  accomplished  in  high 
schools?  I  would  answer,  all  of  it.  History  cannot  be  well 
taught,  as  it  is  in  many  schools,  without  accomplishing,  in  some 
measure,  all  of  these  results,  even  though  not  one  of  them  is 
consciously  present  to  the  teacher's  mind.  It  is  true  in  school, 
as  elsewhere,  that  the  things  we  do  best  are  often  those  we  think 
least  about.  The  best  teaching  is  done  when  the  teacher  is  elimi- 
nated and  the  mind  of  the  pupil  confronts  the  facts  of  the  universe 
and  of  history,  face  to  face.        Edward  Van  Dyke  Robinson 

Central  High  School, 
St.  Paul,  Minn. 
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THE   PLACE   THE   SUBJECT  OF   FORESTRY   SHOULD 
OCCUPY   IN    HIGH   SCHOOL   INSTRUCTION 

During  the  winter  which  has  just  passed  I  delivered  a  lecture 
for  Dr.  Charles  DeGarmo,  of  Cornell  University,  on  the  place  for- 
estry should  occupy  in  high-school  instruction.  The  class  con- 
s^isted  mainly  of  teachers,  and  the  course,  of  which  the  lecture 
above  referred  to  was  only  a  very  small  part,  consisted  of  lec- 
tures by  various  educators  on  high-school  instruction. 

At  first  thought  the  majority  of  well  informed  individuals 
would  say  that  foreistry  deserves  no  place  in  the  already  over- 
crowded curriculum  of  the  high  school.  After  I  had  made  my 
position  clear  the  opinion  of  the  class  seemed  unanimous  that 
some  forestry,  at  least,  should  be  taught  in  connection  with,  or 
as  a  part  of,  geography  in  high  schools.  A  few  at  first  argued 
with  reason  that  if  forestry  should  be  taught,  agriculture  and  a 
host  of  other  subjects  deserve  a  .place.  These  persons,  however, 
failed  to  realize  the  important  rdle  which  the  forest  plays  as  a 
geographical  agent  in  checking  the  destructive  forces  of  nature, 
modifying  the  nature  of  the  earth,  and  in  molding  the  nature 
of  the  occupations  of  its  people. 

Forestry  may  be  classed  in  two  ways — first  as  a  profession 
and  second  as  a  subject  of  general  interest  about  which  every 
well  informed  citizen  should  know  something.  In  the  first  case 
the  nature  of  the  instruction  should  be  detailed  and  technical 
and  should  cover  a  period  of  at  least  four  years.  This  sort  of 
instruction  belongs  to  schools  of  forestry  and  agricultural  col- 
leges. There  are  already  two  schools  of  forestry  in  this  country 
— one  at  Cornell  and  the  other  at  Yale  University.  There  are 
many  such  institutions  in  Europe.  It  is  to  these  schools  where 
a  student  must  go  in  order  to  become  a  professional  forester. 
It  is  in  such  institutions  that  a  student  is  taught  how  to  properly 
form,  tend,  and  utilize  a  forest.  In  addition  to  learning  how  to 
care  for  forests,  he  learns  also  how  to  survey,  construct  wagon 

560 


FORESTR  Y  IN  HIGH  SCHOOL  INSTRUCTION  5  6 1 

roads  and  logging  railroads,  operate  saw  mills,  etc.  He  is,  in 
other  words,  a  forest  engineer. 

In  the  second  case,  for  the  acquisition  of  knowledge  of  a 
general  nature  relating  to  the  forest  which  every  man  and 
woman  should  know,  the  high  school  is  the  place.  All  are 
agreed  that  in  case  it  should  be  taught  at  all  it  does  not  belong 
below  the  upper  grades  of  the  high  school.  It  is  also  so  that  a 
very  large  proportion  of  our  high-school  graduates  would  never 
acquire  such  a  knowledge  unless  they  get  it  in  the  high  school, 
because  many  of  our  high-school  graduates  never  go  to  colleges 
and  universities  and  because  many  of  our  colleges  and  universi- 
ties do  not  offer  instruction  in  many  of  the  most  important  sub- 
jects. There  is  no  subject,  for  instance,  of  more  general  inter- 
est and  of  more  importance  than  ethnology,  yet  how  few  even  of 
our  great  universities  offer  instruction'  in  this  subject  and  how 
few  of  their  graduates  know  even  the  names,  to  say  nothing  of 
the  natures,  of  the  peoples  who  once  inhabited  America. 

It  is  not  my  intention  to  suggest  the  addition  of  another  sub- 
ject to  the  high-sch(5ol  curriculum.  It  should  be  given,  howr 
ever,  the  place  in  physical  and  commercial  geography  to  which 
its  importance  entitles  it.  It  is  very  easy  for  a  man  to  exagger- 
ate the  importance  of  his  specialty.  Few  doubt,  however,  the 
importance  of  forests.  As  compared  with  Europe,  general 
information  on  the  subject  is  wofully  lacking  throughout  this 
country.  Very  few  know  the  meaning  of  forestry.  Arbor  Day 
celebrations  have  done  much  to  stimulate  an  appreciation  of 
trees  but  these  celebrations  are  often  farcical,  if  not  misleading, 
in  nature.  A  song  is  sung,  poetry  recited,  and  then  a  few  trees, 
often  only  one,  are  carelessly  stuck  in  the  ground,  often  in  the 
very  place  which  should  be  left  open.  A  very  small  proportion 
of  these  trees  live,  however.  **0,  Woodman,  Spare  that  Tree" 
is  sung.  A  forester  never  hesitates  to  cut  a  tree  if  it  is  ready  to 
cut,  but  he  always  plants  more  and  plants  them  well.  Aside 
from  this  question  of  Arbor  Day,  an  institution  which  has  been 
adopted  in  many  parts  of  the  world  and  which  will  do  lasting 
good  if  properly  conducted,  why  should  forestry  be  taught  in 
high  schools  ?     First  of  all,  every  great  movement  in  this  country 
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must  have  popular  support  back  of  it.  Our  people  must  be 
educated  to  a  point  where  they  will  know  the  advantages  of  a 
forest  cover  and  the  meaning  of  forestry.  When  this  occurs  the 
future  of  forestry  is  assured.  The  main  cause  of  reckless,  waste- 
ful forest  destruction  in  this  country  is  ignorance.  It  is  cer- 
tainly one  of  the  functions  of  the  public  school  to  overcome  this 
difficulty.  It  is  not  necessary  to  introduce  forestry  into  the 
public  schools  of  Germany  because  forestry  is  born  and  bred 
into  the  body  of  every  German.  The  proper  care  of  forests 
is  there  a  matter  of  course.  Secondly,  why  does  it  deserve  a 
place  in  high-school  instruction  in  connection  with  geography  ? 

I  can  only  mention,  in  passing,  the  importance  of  the  com- 
mercial side  of  the  question.  Think  of  the  great  lumber 
industries  of  the  North,  South,  and  far  West,  of  the  hundreds 
of  thousands  of  railroad  ties,  telegraph  poles,  and  bridge  pilings* 
of  the  immense  amount  of  wood  used  in  construction  for  houses 
an4  fences  and  the  hundreds  of  industries  which  make  use  of  it. 
Think  of  the  rubber  forests  of  the  tropics,  the  naval  stores 
industry  of  our  South  and  maple  sugar  of  the  North.  Think  of 
cork,  camphor,  rubber,  wax,  dyes,  medicines,  and  a  host  of  prod- 
ucts  yielded  by  the  forest  in  various  parts  of  the  world.  The 
young  man  about  to  enter  business  should,  in  fact  must,  know 
something  of  these  products.  It  is  of  interest  to  note  in  this 
connection  that  two  mahogany  logs  sold  for  $5200  in' Liverpool 
last  year.  These  logs  came  from  Africa,  and  were  purchased 
by  an  American. 

It  is  not,  however,  on  this  side  of  the  subject  that  I  lay 
special  stress.  Although  this  is  a  part  of  commercial  geography 
and  although  every  young  business  American  is  eager  to  learn 
of  the  products,  industries,  and  occupations  of  every  country, 
the  side  of  the  subject  which  relates  to  the  influence  of  the 
forest  in  molding  and  beautifying  the  earth  is  of  much  more 
importance  and  much  more  in  place  in  the  geography  of  the 
common  high  school. 

There  is  too  little  space  for  me  to  define  it  except  in  a 
general  way. 

I.  The  forest  is  a  soil  former.     Vast  areas  of  swamp  lands 
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consist  of  the  black  decayed  remains  of  the  forest.  One  tree 
in  the  tropics  called  the  mangrove  grows  in  salt  water  on  the 
edge  of  coral  islands.  So  much  land  is  wrested  from  the  ocean 
by  its  aggressive  growth  that  it  is  often  called  the  "  landformer." 
The  same  is  so  of  the  willow,  that  Cinderella  of  trees,  in  north- 
ern latitudes.  Trees  cause  the  disintegration  of  rocks.  The 
acid  produced  in  the  decomposition  of  organic  matter  causes 
the  rock  to  crumble  into  soil.  The^  tips  of  roots  dissolve  their 
way  through  soluble  rock.  In  coral  islands  large  trees  may  be 
seen  growing  out  of  the  solid  rock. 

2.  The  forest  is  a  soil  improver.  A  virgin  soil  is  a  soil  rich 
in  leaf  mold.  The  roots  of  trees  penetrate  to  the  deep  layers 
of  the  soil  and  secure  rich  mineral  matter,  which  is  deposited  on 
the  surface  with  organic  matter  in  the  form  of  leaves  and  sticks. 
The  only  way  to  bring  virginity  back  to  a  worn-out  soil  is  to 
g^row  a  forest  on  it. 

3.  The  forest  is  a  soil  fixer.  Erosion  is  the  wearing  away  of 
rocks  and  soil  by  wind  and  water.  Shifting  dunes,  sandstorms, 
landslides,  and  avalanches  are  prevented  by  a  forest  cover.  The 
mass  of  roots  holds  the  soil  in  place.  Many  countries  have 
been  rendered  inhabitable  by  the  planting  of  trees.  Whole 
villages  have  been  destroyed  in  Europe  by  landslides  and  shift- 
ing sands.     This  has  been  prevented  by  forest  planting. 

4.  The  forest  is  a  flood  preventer.  The  flow  of  water  is 
retarded  by  the  roots  and  litter  of  the  forest  floor.  A  flood  to 
be  conquered  must  be  attacked  in  the  hills  of  its  source  where 
its  forces  are  scattered  and  easily  controlled.  The  way  to  con- 
quer it  is  through  the  agency  of  forest  growth.  The  forest 
imparts  a  regularity  to  the  flow,  so  that  there  is  less  high  water 
in  wet  seasons  and  less  low  water  in  dry  seasons.  This  means 
much  to  industrial  establishments  along  the  banks  of  a  stream 
depending  upon  its  flow  for  power.  Snow  melts  slowly  in  the 
shade  of  the  forest. 

5.  The  forest  is  a  windbreak.  Nothing  is  more  destructive 
than  a  hot  dry  wind.  It  blasts  and  levels  crops.  It  parches 
the  ground.  Nothing  is  more  wearisome  to  man  and  beast. 
Nothing  is  more  grateful  than  the  shelter  of  a  belt  of  trees. 
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6.  The  forest  beautifies  the  earth.  The  ideal  country  is  the 
one  in  which  there  is  proper  mingling  of  forests  and  fields — 
forests  in  the  mountains  and  fields  in  the  valleys.  A  treeless 
country  is  distressing  and  monotonous. 

7.  The  forest  is  a  sanitary  agency.  Malaria  follows  in  the 
wake  of  forest  destruction.  The  purity  of  forest  air.  is  proverbial. 
It  is  a  resting-place  for  busy  brains.  It  is  the  source  of  good, 
pure  water  for  many  large  cities.  The  war  department  is  plant- 
ing Eucalyptus  trees  in  Havana  province  to  prevent  malaria  and 
yellow  fever.  This  has  been  done  elsewhere  with  considerable 
success,  especially  in  Italy  and  Algeria.  The  Landes  of  Fxance 
was  once  a  pestilential  swamp.  Since  the  planting. of  pine  trees 
it  has  developed  into  a  health  resort.  A  forest  occupation  is 
Jiealthy.  It  produces  strong,  broad-chested  men.  Would  that 
a  large  number  of  our  population  could  find  employment  in  the 
forest. 

Another  branch  of  the  subject  which  is  of  interest  from  a 
geographical  standpoint  is  the  geographical  distribution  of 
forests  over  the  face  of  the  earth  —  why  are  there  forests  in 
one  place  and  deserts  and  plains  in  another  ?  What  are  the 
forces  which  cause  the  spread  of  forests  and  what  are  the 
barriers  which  prevent  or  restrict  their  growth  ?  There  arc 
many  aids  to  forest  extension,  such  as  winds,  currents  of  water, 
animals,  and  man.  There  are  many  barriers  which  restrict  their 
growth,  such  as  cold,  drought,  unsuitable  soil,  strong  winds, 
animals,  and  fire. 

There  is  still  another  phase  of  the  subject  which  is  of  impor- 
tance to  the.  geographical  student.  Every  American  should 
have  some  knowledge  of  our  great  forest  reservations  and 
national  parks. 

These  reservations  have  been  set  aside  for  the  preservation 
of  the  timber  and  natural  curiosities  and  extraordinary  scenery, 
and  for  the  conservation  of  moisture,  since  in  many  western  dis- 
tricts agriculture  is  impossible  without  water  for  irrigation. 
These  reservations  cover  an  area  of  almost  50,000,000  acres,  a 
territory  so  large  and  varied  that  it  is  worthy  some  space  in 
even  primary  geographies.     There  are  640  acres  to  the  square 
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mile — there  would  be  then  78,125  square  miles  in  these  reserva- 
tions. They  cover  an  area  much  larger  than  the  whole  of  New 
England  states,  three  times  as  large  as  Greece,  and  almost  five 
times  as  large  as  Switzerland. 

The  establishment  of  these  reservations  has  apparently  only 
just  begun.  A  great  park  in  the  Appalachian  Mountains  and 
another  at  the  head  waters  of  the  Mississippi  in  Minnesota  will 
be  in  time  established. 

Already  the  State  of  New  York  owns  a  vast  tract  of  land  in 
the  Adirondacks,  and  more  is  being  purchased,  for  the  preserva- 
tion of  the  forests  and  game« 

Under  the  circumstances,  few  can  doubt  that  the  subject  is 
worthy  a  large  place  in  our  secondary  schools  and  in  the  minds 
of  our  people. 

J.    GiFFORD 
College  of  Forestry, 
Cornell  University 


THE   DIFFERENTIATION   OF   ZOOLOGY  FOR  THE 
HIGH-SCHOOL  AND  COLLEGE  CURRICULUM' 

Higher  education  in  the  United  States  has  resulted  in  the 

m 

differentiation  of  three  grades  of  institution :  the  high  school, 
the  college,  and  the  university.  Zodlogy  is  taught  in  all  of 
these  grades,  and  there  is  danger  lest  the  proper  sphere  of  each 
shall  not  be  clearly  defined,  and  so  a  loss  of  the  students'  energy 
result.  It  is  the  object  of  this  paper  to  attempt  to  find  tests  by 
which  to  determine  the  respective  sphere  of  college  and  high- 
school  zo5logy. 

The  growth  and  development  of  a  zoologist  presents  three 
stages :  first,  an  introductory  stage  in  which  observations  are 
made  over  a  wide  horizon  without  the  inner  data  of  the  subject 
being  examined  in  much  detail.  'Then  a  second  stage  of  exact 
and  careful  acquisition  of  the  existing  knowledge  of  the  subject. 
Then  the  professional  and  creative  stage  in  which  the  student 
changes  into  the  master,  though  always  remaining  a  student, 
and  joins  the  number  of  those  who  are  engaged  in  the  work  of 
pushing  the  boundaries  of  knowledge  out  into  new  realms. 
There  would  be  a  great  economy  of  his  time  if  the  zodlogist 
could  be  advanced  successively  on  each  of  these  stages  in  the 
high  school,  the  college,  and  the  university,  and  I  believe  that 
such  a  succession  in  the  presentation  of  the  subject  would  be 
better  at  the  same  time  for  the  interests  of  a  general  education 
than  any  other. 

The  work  of  the  first  or  introductory  stage  is  to  g^in  a  first- 
hand and  correct  knowledge  of  representative  members  of  the 
chief  animal  groups.  They  must,  as  many  of  them  as  the  local- 
ity permits,  be  seen  alive  and  in  their  native  homes.  Their 
activities,  food,  enemies,  and  relation  to  man  should  be  learned, 
their  outward  forms  and  parts  carefully  observed,  and  all  this 

*  Read  before  the  College  Section  of  the  Minnesota  Educational  Association, 
December  29,  1900. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington^  D.  C,  December  18^  1901, 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Mr.  II.  A.  Presaey,  one  of  the  hydrographers  of  this  Survey,  relat- 
ing to  the  Southern  Appalachian  mountain  region.  This  is  the  out- 
come of  systematic  measurements  of  the  water  supply  from  this  area 
and  of  special  investigations  made  in  connection  with  a  general 
inquiry  as  to  the  importance  of  the  streams  in  the  development  of 
the  country. 

There  has  been  a  widespread  movement  for  the  acquisition  by  the 
Government  of  the  forested  lands  within  the  Southern  Appalachians 
and  the  setting  aside  of  these  as  a  reserve  similar  in  character  to  the 
great  forest  resei'vations  existing  in  the  West.  In  this  popular  move- 
ment Prof.  J.  A.  Holmes,  State  geologist  of  North  Carolina,  has  been 
especially  active.  He  has  been  cooperating  with  this  Survey  in  all 
matters  pertaining  to  the  investigations  in  North  Carolina,  and  has 
been  the  representative  of  the  State  in  arranging  for  the  disburse- 
ment of  funds  made  available  by  the  State  for  extending  the  system- 
atic work  carried  on  in  that  region.  At  his  suggestion  and  with  his 
active  assistance  the  surveys  and  examinations  described  by  Mr. 
Pressey  have  been  made. 

The  importance  of  a  full  knowledge  of  this  region  is  apparent  when 
we  consider  the  size  and  number  of  the  streams  issuing  from  this 
central  mountain  area.  Water-power  development,  especial I3'  in  the 
manufacture  of  cotton,  is  proceeding  rapidly,  and  there  is  no  portion 
of  the  country  for  which  definite  official  data  upon  the  water  resources 
are  more  frequently  required  than  for  this  area.  I  recommend,  there- 
fore, that  the  material  prepared  by  Mr.  Pressey  be  published  in  the 
series  of  Water-Supplj^  and  Irrigation  Papers,  as  Nos.  G2  and  63  of 
that  series. 

Youi-s  respectfully,  F.  II.  Newell, 

Hydrograplier  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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HYDROGRAPHY  OF  THE  SOUTHERN  APPALACHIAN 

MOUNTAIN  REGION. 


PART    I. 


By  Henry  A.  Prbssbt. 


INTRODUCTION. 

The  region  herein  described  occupies  portions  of  the  States  of  Vir- 
ginia, North  Carolina,  South  Carolinft,  Tennessee,  Georgia,  and  Ala- 
bama. It  is  elevated  far  above  the  surrounding  country  and  stands 
out  as  a  physiographic  unit.  Its  rivers,  topography,  and  resources 
are  described  in  as  Ynuch  detail  as  the  time  available  for  field  investi- 
jjation  permitted. 

Special  thanks  are  due  to  Mr.  E.  W.  Myers,  resident  hydrographer 
for  North  Carolina  and  South  Carolina,  for  his  investigations  and 
very  complete  reports  on  several  of  the  drainage  areas,  the  principal 
facts  from  which  are  embodied  herein.  Messrs.  Cleveland  Abbe,  jr., 
L.  V.  Branch,  N.  C.  Curtis,  and  Ernest  Graves  were  also  engaged 
upon  the  reconnaissance,  and  the  success  acliieved  was  largely  due  to 
their  assistance.  The  measurements  of  the  streams  to  the  south  and 
west  of  the  French  Broad  were  under  the  charge  of  Prof.  B.  M.  Hall, 
resident  hydrographer  for  Georgia  and  Alabama,  who  was  assisted  by 
Max  Hall,  W.  E.  Hall,  J.  R.  Hall,  J.  C.  Conn,  and  II.  G.  Stokes. 
The  photographs  used  for  illustrations  were  taken  by  various  mem- 
bers of  the  United  States  Geological  Survey  and  of  the  United  States 
Bureau  of  Forestry.  Pis.  IX  and  XI  are  from  photographs  by  R.  H. 
Scadin,  Pis.  XXXIX  and  XLII  are  by  courtesy  of  Prof.  J.  A.  Holmes. 

GENERAIi  FEATURES  OF  REGION. 

MOUNTAINS. 
PHYSIOGRAPHY. 

The  great  Appalachian  mountain  system  stretches  from  Maine,  in  a 
general  southwesterly  direction  for  nearly  1,300  miles,  through  the 
States  of  Vermont,  New  York,  Pennsylvania,  Maryland,  Virginia, 
North  Carolina,  South  Carolina,  and  Tennessee,  terminating  in  north- 
em  Alabama.     In  New  York  the  range  consists  of  high  hills,  the 

mountains  gradually  rising  in  elevation  in  Pennsylvania,  where  an 
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average  height  of  2,000  feet  above  the  sea,  or  1,000  t;0  1,500  feet  above 
the  adjacent  Cumberland  Valley,  is  reached.  At  Potomac  River,  in 
the  vicinity  of  Harpers  Ferry,  the  elevation  of  the  peaks  is  again 
reduced  to  about  800  feet.  From  the  Potomac  south  the  ranges  are 
much  higher  and  broader,  spreading  out  into  the  great  Blue  Ridge, 
the  Shenandoah,  the  Allegheny,  and  the  Greenbriar  mountains,  ranges 
with  broad,  fertile  valleys  between,  of  which  the  Valley  of  Virginia, 
or  Shenandoah  Valley,  has  a  national  reputation  for  scenic  beauty 
and  fertility.  Forty-five  miles  below  the  Potomac  is  Mount  Marshall, 
3,150  feet  high,  and  a  little  farther  south,  near  Luray,  are  Stoneyman 
and  Hawks  Bill,  4,031  and  4,0G3  feet  high,  respectively.  These  are 
the  highest  summits  of  the  Blue  Ridge  north  of  North  Carolina.  The 
ranges  extend  in  nearly  parallel  lines  through  the  States  of  Virginia 
and  West  Virginia,  and  enter  North  Carolina  and  Tennessee  near 
their  common  boundary,  culminating  in  the  Iron  and  the  Great  Smoky 
ranges,  which  with  numerous  cross  chains  form  the  great  mountain 
region  of  the  Southeastern  Statues.  In  this  mountain  mass  288  peaks 
exceed  a  height  of  5,000  feet,  and  27  peaks  have  an  elevation 
greater  than  Mount  Washington  (6,293  feet).  From  North  Carolina 
and  Tennessee  the  ranges  extend  more  to  the*  westward  through 
Georgia  and  into  Alabama,  with  outlying  ranges  in  South  Carolina, 
and  are  finally  lost  in  hills  forming  the  headwaters  of  the  Gulf  drain- 
age. The  general  features  of  the  southern  and  most  massive  portion 
of  the  Appalachians,  with  the  drainage,  are  shown  in  PI.  I. 

This  great  mountain  system  forms  the  backbone  and  watershcni  of 
the  eastern  part  of  the  United  States.  The  greatest  masses  and  the 
highest  peaks  are  in  western  North  Carolina  and  eastern  Tennessee, 
which  region  m*ay  be  considered  a  high  plateau,  of  which  the  Smokj'^ 
Mountains  form  the  western  boundary  of  the  highest  portion  and  the 
Blue  Ridge  the  eastern  boundary.  The  latter  ridge  extends  across 
the  State  of  North  Carolina  in  a  general  northeast-southwest  direc- 
tion until  it  readies  the  southern  border  of  the  State,  when  it  turns 
to  the  west  and  for  a  long  distance  (about  40  miles)  forms  a  part  of  the 
boundary  between  North  ('arolinaand  South  Carolina,  passing  at  length 
into  tlie  State  of  (Jeorgia  and  meeting  again  the  Great  Smoky  Range. 
The  area  of  tlie  region  included  between  these  two  rangas,  which 
approaches  to  almost  a  point  at  its  northern  and  southern  extremes 
and  at  its  wid(\st  portion  has  a  width  of  55  miles,  is  approximately 
C,(KX)  square  miles. 

The  most  striking  characteristic  of  the  Blue  Ridge  is  the  gi*eat  dif- 
ference in  slope  of  its  opposite  sides.  The  rivers  flowing  to  the  west 
into  the  Tennessci^  and  the  Ohio  head  in  the  gaps  upon  the  divide  and 
for  milc*s  flow  in  broad,  smoothly  rounded,  drift-fllled  vallej'^s  before 
entering  the  narrow,  rock-cut  gorges  of  their  lower  courses,  while  the 
rivers  flowing  to  the  east  plunge  downward  in  a  series  of  cascades, 
falling  several  thousand  feet  in  a  distance  of  a  few  miles.     The  latter 
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streams  can  ha  wily  bo  said  to  liave  valleys,  but  simply  V-shaped  gorges, 
through  which  they  tumble  and  foam  until  they  reach  the  Piedmont 
Plain,  which  extends  along  the  southeastern  base  of  the  Appalachian 
system.  The  surface  of  this  plain  has  a  general  eastwai^d  slope  from 
an  altitude  of  about  1,000  feet  at  its  western  edge  to  250  or  'M)0  feet  on 
the  east,  where  it  merges  into  the  Coastal  Plain. 

Tlie  Smoky  Mountains,  on  the  western  edge  of  the  high  plateau 
referred  to,  are  extended  to  the  north  in  the  Bald  and  the  Iron 
mountains  and  to  the  south  in  the  Unaka  Range.  These  mountains 
are  much  more  massive  and  reach  far  greater  elevations  than  the 
summits  of  the  Blue  Ridge.  Many  of  tlieir  ptniks  attain  heights  of 
more  than  6,000  feet.  Unlike  the  Blue  Ridge,  tlieir  slopes  are  equally 
steep  on  both  sides,  their  outlines  are  angular  and  rugged,  and 
descents  of  4,000  feet  from  the  crest  to  the  stream  bed  are  not 
uncommon. 

Several  cross  chains  connect  the  Smoky  and  Blue  Ridge  ranges, 
cutting  the  plateau  into  a  number  of  small  basins,  each  nearly  sur- 
rounded by  mountains  and  having  its  own  indei)endont  system  of  rivers 
and  drainage,  so  that  nowhere  in  this  region  do  we  find  extended 
fertile  valleys,  as  in  Virginia  and  Tennessee,  but  instead  in  every 
direction  high  mountain  ranges  cut  off  tlie  view  and  give  it  the 
ai)pearance  of  a  rocky  and  truly  mountainous  country. 

The  highest  and  most  massive  of  the  cross  chains  is  the  Black 
Mountains — named  for  their  somber  vegetation  of  balsam  and  other 
evergreens — which  really  consist  of  two  chains  having  a  unit<Hl  length 
of  40  miles  and  extending  in  a  northwesterly  direction  from  the  Blue 
Ridge  through  the  counties  of  Buncombe  and  Yancey  and  forming 
a  connecting  link  between  the  Blue  Ridge  and  the  Smoky  mountains. 
This  range  of  mountains  comprises  25  peaks,  18  of  which  are  more 
than  6,000  feet  in  height.  On  their  western  slopes  rise  the  eastern 
tributaries  of  the  French  Broad,  the  valley  of  which  separates  the 
Black  Mountains  from  the  Pisgah  and  the  Newfound  mountains, 
other  of  the  cross  chains,  on  the  western  slopt^s  of  which  rise  the 
eastern  tributaries  of  Pigeon  River.  The  western  tributaries  of  the 
Pigeon  flow  from  the  Balsam  Mountains,  a  range  having  an  average 
elevation  of  5,600  feet  and  comprising  23  summits  with  elevations 
exceeding  6,000  feet.  This  range  extends  from  the  South  Carolina 
line  to  the  Smoky  Mountains.  Still  farther  to  the  west  are  tlie  Cowee 
Mountains,  with  a  mean  height  of  4,800  feet.  Rising  at  the  southern 
end  is  Yellow  Mountain,  with  an  elevation  of  5,133  feet.  The  last  of 
the  cross  ranges  to  the  west  is  the  massive  double  chain  of  the  Nanta- 
hala  and  the  Valley  River  mountains,  with  a  mean  height  of  5,000 
feet.  East  of  the  Black  Mountains  are  the  Linville  Mountains, 
through  which  Linville  River  has  cut  its  stupendous  chasm. 

The  Smoky  and  the  Blue  Ridge  mountains,  with  their  numerous 
cross  chains,  form  the  culmination  of  the  Appalachian  mountain  sys- 
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tern,  and  are  the  highest  and  most  massive  mountains  in  the  United    . 
States  east  of  the  Rockies.     Following  is  a  list  of  the  peaks  which 
exceed  in  elevation  6,000  feet: 

Highest  peaks  in  SotUhem  Appalachians,  I 

Smoky  MonntainB:  Feet. 

Mount  Buckley 6,509 

Clingmans  Dome 6,660 

Mount  Love... 6,443 

Mount  Collins 6,188 

Mount  Alexander 6,447 

Mount  Henry 6,373 

Mount  Quyot 6,636 

TrioorneKnob 6,188 

Ravens  Knob 6,230 

Thermometer  Knob 6,157 

LufteeKnob. 6,332 

Cataloochee  Mountain 6,159 

Roan  High  Knob 6,313 

Roan  High  Bluff 6,287 

Grassy  Ridge  (bald) 6,226 

MountOurtis 6,568 

Mount  Leconte 6,612 

Master  Knob 6,013 

Oconee  Mountain 6,135 

Peck  Peak 6,232 

Mount  Safford 6,535 

Balsam  Mountains: 

EnoB  Plotts  Balsam 6,090 

Jones  Balsam. 6,224 

Rockstand  Knob 6,003 

Brother  Plott 6,246 

Amos  Plotts  Balsam 6,278 

Rocky  Face 6,031 

Double  Spring  Mountain 6,380 

Richland  Balsam 6,540 

Chimney  Peak 6,234 

Spruce  Ridge  Top 6,076 

Reinhardt  Mountain 6,106 

Devils  Court-house 6,049 

Sams  Knob 6,130 

ColdMountain 6,000 

MountHardy 6,102 

Jones  Knob 6,209 

Mount  Junaleska 6,223 

Rocky  Trail 6,488 

Water  Rock  Knob 6,399 

Black  Mountain 6,275 

Shining  Rock. 6,040 

Rough  Butt  Bald 6,010 

Cold  Springs  Knob 6,010 
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B]ack  Mountains:  Feet. 

Blackstocks  Knob  (northwest  chain) 6,886 

Potato  Top  (northweefc  chain) 6,487 

Black  Dome  (main  chain) 6,502 

Mount  Gibbs  (main  chain) 6,608 

Moont  Hallback  or  Sngarloaf  (main  chain) 6, 432 

Mount  M itchell  ( main  chain ) 6,711 

Balsam  Cone  (main  chain) 6,697 

Black  Brother  (main  chain) 6,645 

Cattail  Peak  (main  chain) 6,609 

Hairy  Bear  (main  chain) 6, 622 

Deer  Mountain  (main  chain) 6, 220 

Bowlems  Pyramid  or  CJelo  (main  chain) 6, 351 

Locust  Mountain 1 6,088 

Burnt  or  Long  Mountain 6,238 

ClingmanPeak , 6,611 

Yeates  Knob  or  Big  Butt 6,001 

Potato  Knob 6,419 

PattonKnob 6,079 

Craggy  Range: 

Big  Craggy 6,106 

Bull  Head 6,072 

The  foregoing  t«,ble  shows  a  total  of  64  peaks  haying  elevations  of 
6,000  feet  or  higher.  There  are  288  peaks  that  exceed  in  height 
5,000  feet,  and  the  number  that  exceed  4,000  feet  is  much  greater. 

GEOLOGY. 

For  the  following  brief  description  of  tlio  geology  of  the  region  the 
writer  is  indebted  to  Mr.  Arthur  Keith,  of  the  United  States  Geological 
Survey,  who  has  made  a  careful  study  of  the  Southern  Appalachians: 

"The  geologic  formations  which  underlie  this  mountain  district 
may  be  divided  into  four  large  groups.  Each  differs  widely  from  the 
others  in  age,  and  has  very  distinct  features  of  its  own.  These  broad 
differences  have  expressed  themselves  in  such  major  topographic 
features  as  the  Appalachian  Valley,  the  Appalachian  Mountains,  and 
the  Piedmont  Plateau.  These  differences  are  also  largely  responsible 
for  the  principal  variations  in  the  character  of  the  surface  in  the 
moffntain  district  itself. 

"The  Appalachian  Valley  is  underlain  by  a  series  of  limestones, 
Hhales,  and  sandstones,  mainly  of  Silurian  and  late  Cambrian  age, 
forming  the  youngest  of  the  four  groups  in  this  region.  Small  out- 
liera  of  these  formations  are  included  within  the  area  of  the  moun- 
tains near  the  border  of  the  Appalachian  Valley. 

"The  second  group  occupies  the  northwestern  border  of  the  moun- 
tain district,  chiefly  northeast  of  French  Broad  River.  It  consists  of 
a  series  of  quartzites,  conglomerates,  and  shales  of  Lower  Cambrian 
age.  A  second  large  area  of  these  rocks  occupies  the  Blue  Ridge  and 
adjacent  territory  nearly  in  the  center  of  this  district. 
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"The  third  group  is  of  Cambrian  age.  It  occupies  the  northwest 
border  of  the  mountain  mass,  corresponding  in  position  to  the  pre- 
vious group  but  developed  southwest  of  French  Broad  River  in  the 
Smoky  and  the  Unaka  mountains.  The  group  consists  of  conglomer- 
ates, graywackes,  sandstones,  schists,  and  slates,  and  is  called  the 
Ocoee  group.  This  and  the  preceding  two  groups  were  composed  of 
the  waste  from  older  rocks,  which  was  deposited  under  water.  The 
thickness  of  the  strata  is  approximately  the  same  in  the  Ocoee  group 
and  the  formations  of  the  Appalachian  Valley.  The  Lower  Cambrian 
quartzites  and  shales  of  the  second  group  have  only  from  one-fourth 
to  one-third  of  the  thickness  of  either  of  the  preceding  groups. 

"The  fourth  group  is  much  the  largest  of  all,  both  in  actual  bulk 
and  in  area.  Jt  consists  in  the  main  of  formations  of  the  Archean,  or 
oldest  known  age.  The  different  rocks  include  several  kinds  of  gran- 
ite, diorite,  mica-  and  hornblende-gneiss,  and  various  schists.  A 
large  number  of  these  were  of  igneous  origin,  but  the  original  nature 
of  many  of  the  gneisses  and  schists  is  unknown.  Formations  also 
included  in  this  group  are  the  ancient  volcanic  rocks.  These  are 
developed  most  prominently  in  connection  with  the  Cambrian  quartz- 
ites in  the  northeastern  part  of  the  mountain  district. 

"Much  of  the  surface  of  the  Appalachian  Mountains  is  exceedingly 
ancient.  During  the  later  geologic  periods  it  has  been  subjected  to 
the  various  natural  agencies  of  destruction,  and  has  been  worn  down 
according  as  the  rocks  presented  at  the  surface  were  susceptible  to 
these  influences.  The  materials  composing  these  formations  are 
attacked  in  varying  degrees  by  solution  and  by  chemical  processes 
connected  with  atmospheric  and  underground  water.  Certain  min- 
erals— for  instance,  carbonate  of  lime — are  readily  dissolved  by  natural 
waters,  and  the  rock  in  wasting  away  leaves  behind  only  the  less  sol- 
uble portions  in  the  form  of  clay.  To  this  capability  is  directly  due 
the  reduction  of  the  great  valley  below  the  level  of  the  mountain  mass. 
Other  minerals — for  instance,  feldspar — are  in  part  dissolved  and  in 
part  chemically  altered  and  decomposed  by  natural  waters,  so  that 
the  coherence  of  the  rock  which  contains  them  is  largelj-  destroyeil. 
Two  groups  in  this  region  have  a  large  proportion  of  feldspar  in  ^eir 
make-ux),  and  their  surfaces  have  been  gradually  lowered  by  its  break- 
ing down.  These  are  the  Ocoee  group  and  the  Archean  group.  A 
third  mineral,  quartz,  is  comparatively  little  changed  by  solution  or 
chemical  action  near  the  surface.  Formations  made  up  in  large  part 
of  this  mineral  retain  their  altitudes  most  persistently,  and  are  usually 
the  last  to  be  reduced.  This  composition  is  most  pronounced  in  the 
Lower  CamlDrian  group,  but  is  shared  also  by  the  Ocoee  group  and 
the  Archean  group.  Although  the  thickness  of  the  Lower  Cambrian 
quartzites  is  so  much  less  than  that  of  the  other  groups,  their  resist- 
ance to  solution  has  caused  them  to  remain  upheld  in  very  high 
ridges  and  peaks.     To  this  are  due  the  cliffs  of  the  Chilhowee,  Camp 
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C  reek,  and  Iron  mountains,  and  the  rugged  crags  of  Grandfather.  In 
tlie  case  of  the  Ocoee  and  Archean  groups  their  immense  thickness 
and  the  amount  of  quartz  which  they  contain  have  maintained  the 
greatest  elevations  presented  in  this  region.  Of  this  the  mighty 
d  imes  of  the  Smokies,  the  Balsams,  and  the  Roan,  and  the  lofty 
p  )aks  of  the  Blacks  are  witnesses." 

RIVERS. 

The  region  is  well  watered.  From  it  several  of  the  lartrest  rivers  of 
t)  e  country  receive  their  supply.  The  main  divide  of  the  river 
HI  stems  is  the  Blue  Ridge.  This  chain,  which  enters  the  State  of 
North  Carolina  in  Alleghany  County,  extends  southwest  between 
'V^'ilkes  and  Ashe  counties  and  through  Watauga  County.  At  Grand- 
fa  her  Mountain,  which  is  at  the  junction  of  Watauga,  Mitchell,  and 
Caldwell  counties,  the  chain  turns  more  to  the  south,  following  the 
boundaries  between  Mitchell  and  Caldwell  counties  and  between 
McDowell,  Yancey,  and  Buncombe  counties,  reaching  the  State  line  in 
M  irCon  County.  In  this  ridge  and  its  spurs;  cross  ridges,  and  foot- 
hills many  of  the  rivers  of  the  Southeastern  States  have  their  origin. 
A  view  of  an  escarpment  of  the  Blue  Ridge  at  Blowing  Rock, 
N.  C,  near  Grandfather  Mountain,  is  shown  in  PI.  III.  The  States 
of  Virginia,  North  Carolina,  South  Carolina,  Georgia,  Alabama, 
Ti  mnessee,  and  West  Virginia  are  partially  watered  by  rivers  rising 
in  mountains  near  the  North  Carolina  and  Tennessee  State  line.  One 
of  he  principal  upper  tributaries  of  the  Ohio  (the  Kanawha)  and  one 
of  the  largest  feeders  of  the  Mississippi  (the  Tennessee)  head  in  the 
sai  le  mountains,  and  the  region  may  justly  be  termed  one  of  the  chief 
watersheds  of  the  United  States.  The  drainage  basins  of  the  largest 
rivers  are  shown  in  PI.  II. 

llowing  into  the  Atlantic  are  the  Yadkin,  Catawba,  Broad,  Saluda, 
an<  Chatooga;  into  the  Gulf  are  the  Chattahoochee  and  the  Coosa. 
Ne  V  River  flows  to  the  north  and  enters  the  Great  Kanawha,  whose 
wafers  finally  reach  the  Mississippi  through  the  Ohio  River.  Into  the 
Mississippi  flow  the  waters  of  the  Tennessee  and  its  large  tributaries — 
the  Holston,  the  Nolichucky,  and  the  French  Broad.  From  the  west- 
ern slopes  of  the  Blue  Ridge  flow  the  headwaters  of  the  great  Ten- 
nessee river  system.  This  drainage  basin  has  an  area  of  about  1,500 
square  miles  and  a  length  of  300  miles  in^orth  Carolina,  and  a  fall 
of  nbout  1,000  feet  between  its  source  and  the  North  Carolina  and 
Tennessee  State  line.  The  Cheoah,  the  Nantahala,  the  Oconalufty, 
and  the  Tuckasegee,  all  large  streams  with  a  width  of  from  50  to  100 
yards,  join  their  waters  to  the  Tennessee,  and  after  receiving  them 
the  latter  river  flows  through  the  Great  Smoky  Mountains  in  a  narrow 
and  rocky  gorge.     The  Hiwassee  joins  it  in  Tennessee. 

All  of  the  large  streams  that  flow  to  the  west  have  the  same  general 
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characteristics,  i.  e.,  heavy,  precipitous  falls  in  the  first  portion  of 
their  courses,  then  long  even  flows,  with  but  little  fall,  across  the 
broad  plateaus,  finally  cutting  through  the  mountain  ranges  on  the 
border  line  of  North  Carolina  and  Tennessee,  where  they  have  rapid 
and  precipitous  falls,  in  some  cases  more  than  1,000  feet  in  a  few  miles. 

After  Jeaving  the  State  of  North  Carolina  the  Tennessee  flows  in  a 
northwesterly  direction  for  about  300  miles,  through  the  State  of  Ten- 
nessee, being  joined  by  the  Holston  and  the  Nolichucky,  tributaries 
which  carry  as  much  water  as  tlie  parent  stream.  The  Holston 
receives  its  southern  branches  from  this  same  mountain  region.  The 
Watauga,  one  of  the  chief  tributaries  of  the  Holston,  rises  in  the  cen- 
ter of  the  mountain  district  around  Grandfather  Mountain,  and  flows 
in  a  northwesterly  direction  through  Watauga  County,  with  the  high, 
steep  slopes  of  the  mountain  sides  on  either  hand,  and  with  frequent 
falls  of  a  few  feet  over  its  rocky  bed.  After  flowing  through  the  Iron 
Mountains  in  a  rocky  gorge  and  entering  Tennessee  the  Watauga  is 
joined  by  Roan  and  Elk  creeks,  which  have  drainage  areas  with  the 
same  characteristics  as  its  own.  After  the  junction  of  these  three 
streams  the  river  flows  through  Carter  and  Washington  counties, 
receiving  tributaries  on  either  side,  the  chief  of  which  are  Doe  River, 
Buffalo  Creek,  and  Stony  Creek.  About  20  miles  southwest  of  Bristol 
the  Watauga  joins  the  South  Fork  of  the  Holston,  and  farther  down, 
near  Kingsport,  the  two  forks  of  the  Holston  unite,  forming  one  of 
the  chief  rivers  of  the  State  of  Tennessee.  Near  Knoxville  the  Hol- 
ston is  joined  by  Nolichucky  River,  a  stream  but  little  smaller  than 
itself,  which  derives  its  headwaters  a  few  miles  south  of  the  source  of 
the  Watauga. 

The  Nolichucky  is  formed  by  the  junction  of  the  North  Toe,  the 
South  Toe,  and  Caney  River,  all  of  which  rise  in  the  high  mountains  of 
Mitchell  and  Yancey  counties,  on  the  western  border  of  North  Caro- 
lina. The  headwaters  of  the  North  Toe  are  separated  from  those  of 
Elk  Creek,  of  the  Watauga  drainage,  by  a  narrow  ridge.  The  North 
Toe  flows  to  the  southwest  until  its  junction  with  the  South  Toe, 
which  rises  in  the  Black  Mountains,  after  which  it  flows  in  a  westerly 
direction  and  is  joined  by  Caney  River,  which  also  rises  in  the  Black 
Mountains  but  flows  through  a  comparatively  flat  and  open  valley, 
draining  a  large  part  of  Yancey  County.  After  the  junction  with 
Caney  River  the  stream  is  known  as  the  Nolichucky,  and  flows  to  the 
west  for  200  miles  through  the  State  of  Tennessee,  receiving  numerous 
tributaries,  the  chief  of  which  are  Lick  Creek  and  French  Broad  and 
Pigeon  rivers. 

The  French  Broad  rises  in  the  Blue  Ridge,  at  the  State  line  between 
North  Carolina  and  South  Carolina,  flows  in  a  northwesterly  direc- 
tion, at  first  with  considerable  fall,  then  enters  the  broad  plateau, 
and  with  sluggish,  even  flow  continues  its  course  westward  until  it 
breaks  through  the  Bald  Mountains.  Numerous  tributaries  are 
received  on  either  side,  all  of  which  in  their  lower  courses  have  the 
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characteristics  of  rivers  of  the  plains.     The  fall  of  the  French  Broad 
from  Brevard  to  Asheville,  a  distance  of  50  miles,  is  2.7  feet  i^r  mile. 

On  the  north  side  of  Grandfather  Mountain  are  the  headwaters  of 
the  South  Fork  of  New  River.  This  is  the  only  stream  in  this  region 
that  flows  northward.  It  drains  al)out  half  of  Watauga  and  Ashe 
counties,  and  flows  through  narrow  valleys  with  steep  mountain 
slopes  on  either  side.  After  passing  into  Virginia  it  is  joined  by  the 
North  Fork  of  New  River,  and  flows  for  UK)  miles  through  that  St^ite, 
finally  entering  West  Virginia,  where  it  empties  into  tlie  Great 
Kanawha,  adding  its  waters  to  the  Ohio. 

From  the  southern  slopes  of  Grandfather  Mountain  and  the  ridge 
between  the  towns  of  Grandfather  and  Blowing  Rock  flow  the  head- 
waters of  the  Yadkin.  For  the  first  few  miles  the  stream  is  small  and 
the  fall  very  great,  being  through  a  rough  and  wooded  country ;  but 
soon  the  river  reaches  the  vast  plateau  known  as  the  Piedmont  Plain, 
and  its  valley  opens  out  into  a  broad  and  fertile  area,  with  numerous 
branches  on  either  side,  those  from  the  south,  which  rise  in  the 
Brushy  Mountains,  being  small,  while  those  from  the  north,  which 
rise  in  the  Blue  Ridge,  are  streams  with  large  flow  and  considerable 
fall.  The  many  tributaries  add  large  volumes  of  water  to  the  Yadkin, 
and  as  it  flows  to  the  east  its  discharge  increases  rapidly,  until  by  the 
time  the  South  Carolina  boundary  line  is  reached  it  has  become  one  of 
the  largest  rivers  of  the  Southeastern  States.  It  flows  for  130  miles 
through  the  State  of  South  Carolina  under  the  name  of  Pedee  River. 

The  many  springs  on  tlie  southern  slope  of  Grandfather  Mountain 
join  to  form  John  River  and  Mulberry  and  Wilson  creeks,  which  unite 
about  20  miles  to  the  south  and  finally  add  their  waters  to  Catawba 
River.  The  Catawba  rises  in  the  Black  Mountains  and  flows  east, 
descending  from  the  high  mountain  sides  to  the  level  of  the  Piedmont 
Plain  in  frequent  leaps  of  from  5  to  10  feet,  and  in  one  or  two  c*ases 
with  vertical  falls  of  100  feet.  From  Oldfort,  in  McDowell  County,  it 
flows  through  the  heart  of  the  Piedmont  Plain,  receiving  large  tribu- 
taries from  the  north,  notably  North  Fork,  Linville  Rivi^r,  Upper 
Creek,  John  River,  and  Lower  Creek,  all  of  which  rise  on  the  eastern 
slopes  of  the  Blue  Ridge,  two  of  the  chief  tributaries,  Linville  and 
John,  receiving  their  headwaters  from  the  springs  on  the  slopes  of 
Grandfather  Mountain.  The  river  flows  to  the  east,  entering  Alex- 
ander County,  where  it  turns  to  the  south  and  crosses  the  South  Caro- 
lina lK)undary,  after  which  it  is  known  as  the  Watei'ee. 

There  are  two  rivers  in  this  region  which  differ  somewhat  in  their 
general  characteristics  from  the  streams  described,  viz,  the  Broad  and 
the  Saluda.  Broad  River  is  formed  by  the  junction  of  the  main  Broad, 
the  Green,  the  First  Broad,  and  the  Second  Broad,  and  receives  its 
hemlwaters  from  the  slopes  of  South  Mountain  and  the  Blue  Ridge. 
The  tributaries,  however,  soon  reach  the  flat,  open  plain,  and  uniting 
near  the  State  line  enter  South  Carolina  near  the  western  border  of 
York  County.     Farther  to  the  southwest  Saluda  River  receives  the 
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run-off  from  the  Blue  Ridge  aud  flows  for  almost  its  entire  length 
through  South  Carolina.  Tugaloo  River,  which  flows  into  the  Savan- 
nah;  Oconee  River,  one  of  the  (ihief  streams  of  Georgia  and  a  tribut^iry 
of  the  Altamaha;  aud  the  Chattahoochee,  which  waters  in  part  the 
States  of  Georgia,  Alabama,  and  Florida,  also  rise  in  the  Blue  Ridge, 

SCENERY. 

The  sceneiy  of  the  Southern  Appahu3hian  region  is  the  grandest  in 
the  Eastern  States.  While  in  height  the  mountains  can  hardly  be  com- 
pared with  the  Rockies  or  the  Alps,  they  far  outstrip  in  height,  mas- 
si  ven  ess,  and  extent  the  mountains  of  the  Northeastern  States.  As  one 
ascends  Roan  Mountain  or  Grandfather  Mountain  or  passes  through 
Hickory  Nut  Gap  he  is  strongly  reminded  of  the  scenery  of  Switzer- 
land, and  might  well  imagine  that  he  was  on  the  Rigi  or  the  Pilatus. 

The  mountains  and  vallejs  are  covered  with  a  luxuriant  growth  of 
forest  trees,  making  one  continuous  bank  of  green  from  the  ba^es  to 
the  summits  of  the  highest  peaks.  (See  PI.  IV.)  With  tireless 
energy  the  rivers  have  cut  their  ways  through  the  massive  ranges  and 
formed  stupendous  gorges  with  bare,  rocky  walls  almost  vertical  and 
hundreds  of  feet  in  height.  These  gorges,  which  confine  the  wander- 
ing streams,  present  views  of  rare  grandeur  and  wonderful  beauty. 
The  charms  of  the  Linville  (see  PI.  XXXVIII,  Part  II),  the  Cran- 
berry, and  the  Watauga  can  not  fail  to  arouse  the  wonder  and  admira- 
tion of  all  who  visit  them.  Among  the  mountains  and  adjoining 
elevated  plateaus  there  are  a  number  of  i)laces  where  people  seek 
rest  and  recreation  during  the  hot  months  of  the  year.  The  visitors, 
however,  are  largely  from  the  Southern  States,  and  after  spending  a 
summer  in  these  mountains  the  writer  can  but  marvel  that  they  have 
been  so  long  overlooked  by  the  people  of  the  Eastern  States  as  an 
ideal  plac(»  to  enjoy  beautiful  scenery  and  exhilarating  mountain  air. 
It  can  be  accounted  for  imly  by  the  fact  that  so  little  h{is  been  known 
regarding  the  region,  and  that  it  is,  unfortunately,  rather  difficult  of 
access,  there  being  few  railroads  except  those  used  for  lumbering, 
and  the  highways  being  execrable.  These  drawbacks,  however,  are 
rapidly  disappearing,  and  the  region  would  well  repay  a  visit  from 
the  tourist  or  the  seeker  for  health. 

In  general  the  mountain  views  are  made  up  of  a  billowy  succession 
of  ridges  (shown  in  PI.  V),  the  deep  green  of  the  mountains  melting 
into  the  blue  of  the  sky  in  the  distance,  while  nearer  at  hand  more 
subdued  shades  of  green  prevail,  which  in  the  valleys  l)elow  merge 
into  the  soft,  ripe  yellows  of  the  grain  fields,  with  here  and  there  a 
bare  cliff  or  an  area  of  red  soil  which  stands  out  in  sharp  contrast. 
From  the  Unakas  and  to  the  north  and  west,  where  lies  the  beautiful 
Valley  of  East  Tennessee,  the  views  ai'e  of  a  different  character.  Tliere 
the  inequalities  of  surface  are  almost  lost,  and  for  miles  the  eye  I'ests 
on  a  great  plain  dotted  with  light-coloi-ed  cultivated  areas  and  .with 
'green  forest  masses.     Among  the  Unakas  many  balds  occur,  of  which 
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Whitetop  is  one  of  the  most  conspicuous  and  those  of  the  Roan  the 
most  extensive  and  beautiful,  consisting,  as  they  do,  of  three  or  four 
peaks  extending  along  the  top  of  the  mountain  in  a  chain  about  6 
miles  long.  Dr.  Mitchell  many  years  ago  said  of  Roan  Mountain: 
"It  is  the  most  beautiful,  and  will  best  repay  the  labor  of  ascending 
it,  of  all  our  high  mountains.  With  the  exception  of  a  body  of  rocks 
looking  like  the  ruins  of  an  old  castle,  near  its  southwestern  extrem- 
ity, the  top  of  the  Roan  maj'  be  described  as  a  vast  meadow  without 
a  tree  to  obstruct  the  prospect,  where  a  person  may  gallop  his  horse 
for  a  mile  or  two,  with  Carolina  at  his  feet  on  one  side,  and  Tennessee 
at  the  other,  and  a  green  ocean  of  mountains  rise  in  tremendous  bil- 
lows immediately  around  him."  Some  of  the  highest  peaks,  however, 
are  not  bald,  but  are  covered  with  a  dark  and  dense  growth  of  balsam 
and  other  evergreens.  It  is  from  a  somber  vegetation  of  this  kind 
that  the  Black  Mountains  derive  their  name. 

From  Mount  Mitchell  a  view  into  six  States  can  t>e  had.  Although 
that  mountain  is  the  highest  peak  east  of  the  Rockies,  the  views  from 
it  are  not  so  fine  nor  so  extensive  as  can  be  obtained  from  other  moun- 
tains of  less  elevation,  for  the  reason  that  it  is  surrounded  by  peaks 
with  altitudes  little  less  than  its  own,  while  Roan  Mountain  and  Grand- 
father Mountain  tower  far  above  their  surroundings,  and  from  them 
magnificent  views  can  be  obtained  in  all  directions. 

Grandfather  Mountain  (shown  in  Pis.  VI  and  VII)  is  probably  the 
most  massive  of  the  Southern  Appalachians,  and  is  the  culmination  of 
the  Blue  Ridge.  The  scenery  from  it  is  unsurpassed.  For  many  miles 
range  after  range  of  mountains  spread  out  like  the  waves  of  the  ocean, 
with  opalescent  clouds  hanging  down  in  the  valleys  below.  In  spring 
and  summer  there  is  the  glint  of  the  sunshine  on  the  moist  green  of  the 
leaves.  In  autumn  the  somber  green  of  the  balsam  and  spruce  crowning 
the  summits  rises  above  the  scarlet  and  golden  glories  of  the  foliage  of 
the  hard -wood  trees,  while  in  winter  the  great  peaks  lie  cold  and  white, 
bare  and  forbidding.  At  every  turn  some  new  and  beautiful  thing  is 
offered.  Below  the  x>eaks  myriad  little  brawling  crystal  streams  dash 
in  fleecy  white  over  the  ledges  and  around  the  bowlders  that  obstruct 
their  courses  (see  PL  VIII),  or  loiter  in  still  pools  where  the  rainbow 
trout  lurk,  while  still  lower  are  the  green  valleys  hemmed  in  by  the 
^eat  mountains.  On  the  slopes  of  Grandfather  Mountain,  from  near 
the  summit  to  the  base,  rise  innumerable  springs  of  pure,  cold  water, 
which  uniting  form  rivulets  that  flow  over  rocky  precipices  and  are 
finally  joined  into  one  of  the  several  rivers  which  flow  from  its  base. 
The  mountain  is  covered  with  a  heavy  forest  growth  which  has  not  yet 
known  the  woodman's  ax.  Nearly  the  whole  of  it,  as  well  as  its  neigh- 
bor. Grandmother  Mountain,  is  owned  by  the  Linville  Improvement 
Company,  which  controls  10,(K)O  acres  of  the  region,  largely  covered 
with  forests,  and,  fortunately,  luml>ering  is  not  their  design.  The 
company  has  laid  out  a  town  site  in  the  valley  of  Linville  River,  at 
the  foot  of  Grandfather  Mountain,  and  intends  to  sell  small  tracts  to 
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those  who  desire  summer  homes  in  the  mountain  region.  In  order 
that  the  springs  which  give  rise  to  the  streams  on  Grandfather  Moun- 
tain may  not  be  disturbed,  1,400  acres  have  been  set  aside  as  a  public 
park,  under  five  commi8Hionei*s,  one  of  whom  is  the  State  geologist 
and  another  the  commissioner  of  agriculture  of  North  Cai*oUna. 

The  general  contour  of  the  mountains  in  the  Soutliern  Appalachian 
region  is  gentle,  with  smoothly  rounded  outlines  (see  PI.  IX),  although 
occasionally  sharp  peaks  are  seen  and  here  and  there  immense  preci- 
pices are  brought  into  view,  especially  in  the  southern  portion  of  the 
region,  as  at  Whit^^sido  Mountain,  one  side  of  which  presents  a  sheer 
face  of  naked  rock  1,8(X)  feel  in  height.     (S(^e  PI.  X.) 

CLIMATE. 

As  has  been  stated,  the  Blue  Ridge  may  be  considered  the  great 
water  divide.  The  mountain  region  lies  to  the  north  and  west,  while 
on  the  east  is  the  Piedmont  Plain.  The  effect  of  the  increastMl  alti- 
tude upon  the  climate  is  apparent.  The  high  plateau  may  Ik^  said  to 
have  cooler  summers  and  more  severe  wint.ers  than  the  lower  lands 
adjacent,  the  air  is  drier  and  more  salubrious,  the  summer  months 
are  remarkably  pleasant,  the  temperature  varying  somewhat  with  the 
altitude,  but  never  too  cold  for  comfort  on  even  the  highest  mountain 
peaks.  By  choosing  the  proper  locality  one  can  obt^iin  an  average 
temperature  corresponding  to  that  of  northern  New  England  or  to  the 
warmer  temperatures  of  the  South  Atlantic  States.  The  mean  annual 
temperature  varies  from  nearly  00''  F.  at  Salisbur}%  east  of  the  moun- 
tains, to  40°  F.  at  Linville,  the  latter  being  about  the  mean  annual 
temperature  of  Boston  and  Chicago.  On  the  mountain  slopes  the  mean 
annual  temperature  is  still  lower.  The  seasonal  temperatures  of  the 
mountain  region  are  approximately  as  follows:  Spring,  56°;  summer, 
73°;  autumn,  57°;  and  winter,  40°.  The  following  table  gives  the 
average  monthly  temperature,  the  mean  annual  temperature,  and  the 
seasonal  temperatures  as  observed  at  the  Weather  Bureau  stations  in 
the  mountain  region : 

Temperature  otyservatioriH  in  Southern  Apjxilachian  Mountains  during  JfMM). 


Average  monthly  temperature. 

■§j 

Station. 

Jan. 
Deg. 

a6.i 

41.4 
41.0 
36.6 
.'fcJ.H 

;«.4 
ao.3 

'.if.'o" 

:w.8 

33.8 
35.3 

Feb. 

Mar. 

Apr.    May. 

Jnno. 

July. 

.    ... 

Deg. 
74.6 
79.4 
79.9 
73.4 
67.5 
71.6 
f)7.2 

Aug. 

Sept. 

0<;t. 

Nov. 

Dec. 

*  =  o 

Biltmore 

Deg.    Deg. 
:U.  3     44. 1) 

Deg.  1  Deg.  l  Deg. 
5<).2     «S1.9  ■  70.8 
59.6     60.0  '  74.8 
60. 0     68. 3     74. 6 
54.4     62.4  .  70.2 
51.0     58.4     »M.l 
56.0     62.8     66.6 
48.0     55.6  i  64.5 

Deg. 
74.8 
81.9 
81.5 
75.4 
68.1 
74.4 
67.6 
80.0 
77.6 
80.1 
76. 5 

Deg. 
69.9 
76.4 
76.0 
70.4 

•63.6 
60.4 
(Si.l 
74.0 
71.7 
75.2 

li^K6 

Deg. 
59.8 
65.2 
64.8 
62.6 
56.2 
60.4 
54.3 
62.1 
61.9 
63.3 
61.2 
68.4 

Deg. 
47.^ 
58.0 
52.4 
50.0 
45.3 
48.6 
43.6 
50.0 
48.7 
51.2 

Deg. 
39.4 
42.6 
43.1 
40.5 

as.  8 

40.6 
34.0 
41.4 
38.8 
41.5 

Deg, 
S&O 

Charlotte 

Henrietta 

Hendo.rsonvillo. . 

Highlands 

Hnrse  Cove 

Linville 

35).  .f) 
3J>.  5 

:m.6 
:m).6 

a'>.  5 

VJ5.6" 

:J6.2 

:u.6 

48.1 

m.  0 

45.1 

:i8.4 

43.6 

:n>.8 

*42.'6* 

4(5.  H 
43.2 
4^16 

60.9 

51.0 
55.7 
49.5 

Morgan  ton 

Motmt  Airy 

Marion 

Marshall 

"riri.'A" 

57.8 
54.6 
52.6 

73.8  '  70.0 

62.  4     70. 0     76. 6 
6»y6  '  72.8  ■  78.2 
W.  2     72. 0     75. 8 

"■'58."« 

fia.o 

Waynesville 

61.0  .  (W.5 

71.8 

71.4     67.3 

44.0 

37.5 

63.9 

•  Record  for  three  days  missing. 


>'  Record  for  six  days  miasiiig. 


Tempemture  obaeroaliona  in  Southern  Appalachian  Mounluina,  efc— Con  tinned. 
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fil.l 
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1 

is 

II 

.J 
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.      , 
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-si  J 
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8£     S 

8.817 

Is 

W-3  135    3rf 

(B    M 

Highlands,  the  highest  atati on,  is  3,817  feet  in  elevation,  while  several 
of  the  matintain  ranges  and  peaks  roach  altitudes  of  from  5,()00to 
6,000  feet,  and  their  temperatures  are  lower  than  those  given  in  the 
table.  The  following  table  (fives  the  temperature  extremes  at  a  num- 
ber of  olmervation  stfltions: 

Temperature  extremes  in  StmtJiem  Appatachjan  region. 


2T.8|  Jmi.,18»3 
£8.1,  jKti..US7 

IS4.4  Jan..liW3 

88. 5j do  — 

27.:f do.... 


BA  Sept.  IB,  1807 

lOS  AdkIU.IBCS 

101  Aug.  in.ism 

IW  Jnno— .18B1 

VX  Kepi.  l.MSBI 

%  Jnlf  IH.  1X87 

ini  Sept.lll.]MI7 

W  Sept.:».  IHHl 

98  JUDe^.l8N9 


gllJu.  10,1893 
"iPeb.  8,1895 
1  Jan.  1U,1803 
a  Jhii.  88.1807 

17  Feb.    H,  USE 

i:ll         Da. 

18i  Dec  —.1880 
l' Jan.  IB.  1803 

lli]         Do. 
4  Jan.  81,189;! 

hi  Feb.  81.1888 


-HlDDHHlKnintllis 


PRECIPITATION. 

The  annual  rainfall  is  copious,  larger  than  anywhere  else  in  the 
United  States  except  on  the  northwestern  coast,  in  Oregon  and  Wash- 
ington. Aa  might  be  supposed,  it  varies  considerably  in  different 
parte  of  the  high  regions.  The  warm,  moist  winds  from  the  east  and 
south  are  deflected  upward  by  the  Blue  Ridge,  causing  a  cooling  and 
consequent  precipitation.  In  this  way  the  yearly  rainfall  is  greatly 
increased  on  the  slopes  of  those  mountains.  At  Highlands,  in  Macon 
County,  the  annual  normal  precipitation  is  about  72  inches  and  at 
Horse  Cove  attout  7:)  inches.     West  of  the  Blue  Kidge  the  annual  ra^u- 
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fall  is  much  less  in  the  valley  bottoms  between  the  mountain  rang^es. 
For  instance,  a  long  record  at  Asheville  gives  a  normal  rainfall  of 
about  42  inches,  the  smallest  of  any  record  of  the  mountain  region. 
The  normal  at  Waynesville,  in  Haywood  County,  is  46  inches.  The 
average  precipitation  of  the  whole  region  may  be  considered  to  be 
approximately  53  inches.  The  following  table  gives  the  monthly, 
annual,  and  seasonal  precipitation  for  1900: 

• 

Precipitation  in  Southern  AppaJ(tchian  region  during  1900, 


station. 

Monthly  precipitation. 

Uettn 

Jan. 

» 

In. 
3.85 
2.38 
2.41 

2.85 
2.15 
3.81 

Feb. 

Mar. 

Apr. 

In. 
4.89 
4.18 
3.31 
4.67 
5.32 
7.55 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

annnaL 

Abehers..... 

In. 

7.60 

4.67 

6.90 

7.72 

5.25 

7.01 

13.84 

10.10 

10.69 

18.84 

12.98 

5.34 

5.17 

In. 
4.92 
5.53 
2.87 
7.33 
5.28 
5.65 
5.06 
5.76 
5.29 
7.10 
7.10 
7.60 
4.06 
6.65 
3.69 
i^.50 
3.07 

In. 
2.98 
0.99 
1.37 
1.21 
2.11 
3.31 

In. 
9.28 
8.11 
7.91 
6.31 
7.31 
6.39 

In. 
7.43 
1.99 
2.10 
2.88 
3.55 
2.25 

In. 

4.14 

2.54 

0.62 

4.48 

3.05 

2.61 

In. 

6.46 

8.39 

2.51 

3.02 

0.73 

2.01 

/n. 
8. 73 
2.92 
3.67 
2.87 
8.41 
2.29 
8.17 
4.10 
4.15 
6.00 
8.63 
13.40 

In. 

5.15 

4.62 

3.34 

4.80 

3.85 

4.04 

3.87 

3.47 

6.27 

5.08 

5.94 

4.47 

In. 
8.36 
3.46 
3.80 
4.78 
4.83 
4.81) 
3.90 
4.96 
5.10 
7.53 
6.67 
3.96 

In. 

87.13 

Asheville 

Biltmore 

Bryson 

Charlotte 

Cherry  ville 

Flatrock 

44.66 
40.71 
6e.90 
4<l.34 
.51.25 

Henderson  ville . . 

Henrietta 

Hig^hlands 

Horse  Cove 

Linville 

Maria 

3.94 
3.08 
5,82 
4.28. 
2.63 
2.13 

8.06  1  3.83 
6.77     2.92 
10.30     1.67 
8.83  ;  2.28 
5.61  .  2.17 

1 

8.79 

6.99 

19.29 

19.92 

7.07 

6.75 
2.79 
8.04 
9.43 
o.  99 

1.53 
1.45 
1.95 
3.36 
3.70 

3.80 
1.06 
4.99 
6.74 
4.42 

M.ll 
r«5.66 
91.46 
06.16 
64.25 

Marion 

Marshall 

3.69     9.22 

1.28    4.or 

2.35     4.00 
2.11  1  6.68 

9.70     1.9(5 
2.62     1-46 

10.60 
8.33 
8.66 
4.87 
5.97 

"8.'87' 
4.81 
5.57 
7.64 

3.52 
1.49 
3.52 

2.70 
2.69 
2.60 

3.48 
3.68 
4.12 

9.69     4.04 
3.51     2.25 
4.04  1  3.10 

4.74 
3.00 
3.38 

60.79 

38.09 

MoantAiry 

Mount  Pleasant . 

•3.67 
4.34 

1.02 
2.53 

43.76 

Morgan  ton 

2.65 
2.88 
4.04 
8.52 
2.43 
3.55 

1.15 
2.07 
2.78 
1.79 
3.95 
2.25 

2.10 
2.06 
3.19 
1.60 
3.66 
2.49 

8.20  ,  2.38 
3.04  1  3.31 
5. 19     il  9A 

4.40 
3.32 
6.45 
6.35 
4.51 
4.08 

Mocksville 

Murpl^y - 

3.40 
3.65 
3.22 
2.82 
2.38 

4.38 
6.45 
4.52 
5.34 
6.97 

6.18 
7.07 
5.02 
8.30 
6.00 

4.68 
4.88 
4.98 
4.30 
6.41 

3.13 
2.19 
4.12 
2.40 
1.01 

58. 83 

Salisbnry 

Settle 

1.90 
2.99 
2.12 

2.10 
3.08 
3.57 

43.  «3 
44.25 

WayneevlUe 

48.47 

Station. 


Abshers 

Asheville 

Biltmore 

Bryson 

Charlotte 

Cherry  ville 

Flatrock 

HeudorsonvUle . 

Henrietta 

Highlands 

Horse  Cove 

Linville 

Maria 

Marion 

Marshall 

Mount  Airy 

Mount  Pleasant. 

Morgan  ton 

Mocksville 

Murphy 

Salisbury 

Settle 

Waynesville 


Seasonal  precipitation. 


bo 

I 

P. 

02 


In. 
12.74 
10.70 

7.55 
13.21 
12.71 
16.54 


17.65 
14.98 
18.97 
18.21 
15.28 


>4 

i 


In. 
20.86 
12.64 
10.63 
13  67 
13.91 
11.25 


16.07 
11.23 
29.28 

32.  ri 

14.76 


■*3 
< 


In. 
19.34 
10.98 

9.62 
10.69 

7.99 

8.34 


11.37 
10.47 
16.02 
21.31 
22.29 


I 


In. 

14.20 

1039 

13.11 

15.83 

11.73 

15.12 


19.02 
18.88 
27.19 
28.93 
11.92 


s 


35    37 


35    27 
35    13 


35    15 


%5  6 
%  0 
36      5 


82    30 


83    23 
80    51 


82    25 


83  25 
83  6 
81    51 


a 

o 

••^ 
■*» 

flS 

> 

o 

H 


Feet. 


2,250 

2,160 

2,000 

8(18 


2,214 
2.167 


3.817 
2.800 
3.80O 


ja*0 

58 


Yetm, 


2 
IC 
2S 


6 

1 


15 
6 
4 


18.31 

7.n 

8.19 
9.94 


16.72 
12.51 

14.58 


17.21 

9.39 

11.26 


17.66 
8.42 
9.73  '  36 

a5 


1.425 


I' 


9. 


u 


13.99 
14.09 
14.12 
10.00 
13. 42 


15.69 
10. 12 
11.95 
13.44 


7.56 
8.43 
13.60 
5.60 
9.63 
8.18 


11.10 
15.45 
14.09 
12  67 
13.43 


30 
28 


80    40 
80    28 


35  51 
:»  8 
a5      4 


:»    29 


80  34 
84  0 
80    39 


1.048 
650 

1,136 
651 

1,614 
760 


82    58 


2,760 


10 

VS 

0 

4 

90 

13 

2 

4 


•Partly  estimatoil. 


Heavy  rains  occur  at  short  intervals,  which  with  the  steep  slopes 
cause  rapid  increase  in  the  flow  of  the  streams  for  a  day  or  a  few 
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hours,  when  the  rivers  as  rapidly  fall  to  their  normal  stage.  Floods 
are  frequently  caused  by  the  heavy  rains.  It  is  exceedingly  diffi- 
cult, however,  to  obtain  measurements  of  the  extreme  high  waters, 
for  unless  one  is  near  the  station  at  the  time  the  water  rises  the  river 
falls  before  he  can  reach  there.  A  rainfall  of  7.39  inches  was  recorded 
at  Salisbury  on  June  10,  1883,  and  6.01  inches  at  Highlands  on  Feb- 
ruaiy  8  and  9,  1891. 

There  is  considerable  snowfall  during  the  winter  months  of  the 
year,  the  average  annual  snowfall  at  a  few  stations  being  as  follows: 
Asheville,  Ki  inches;  Highlands,  22  inches;  Lenoir,  11  inches;  and 
Mount  Airy,  12  inches. 

The  following  table  gives  the  great<est  and  least  monthly  precipitation : 

Table  nhcnoing  greatest  and  least  viontldy  precipitation  in  Southern  Appalachian 

region. 


Station. 


Asheville 

Charlotte 

Highlands 

Horse  Cove 

Lenoir 

SdorgantoD 

Mount  Airy 

Mount  Pleasant 
Salisbury 


Eleva- 
tion. 


.Lenfrtb' 

of      i 


Feet. 

2,250 

8(J6 

3,817 

2,800 

1,186 

1,135 

1,048 

650 

760 


record. 

Amount. 

Years. 

Inches. 

23 

•11.40 

22 

11.13 

15 

30.20 

6 

17.02 

26 

11.50 

10 

11.20 

10 

10.38 

12 

10.27 

13 

16.14 

b  monthly 

Least  monthly 

itation. 

precipitation. 

Highest 
monthly 

Date. 

Amount. 

Date. 

average. 

Incfies. 

Per  cent. 

July,  1874 

0.21 

Oct.,    1895 

143 

Mar..  1801 

0.23 

Nov.,  180(1 

126 

Feb.,   1891 

0.25 

May.  1883 

135 

June.  1802 

0.62 

Oct.,    1892 

136 

May,  1873 

0.00 

Nov..  1890 

133 

Apr..  1878 

0.20 

Oct.,    1892 

129 

July,   1889 

0.17 

Nov.,  1890 

147 

Aug..  1887 

0.28 

Oct.,    1892 

142 

....do 

0.13 

Nov.,  1890 

128 

Lowest 

monthly 

average. 


Per  cent. 
74 
74 
79 
38 
78 
67 
00 
66 
67 
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Nearly  the  whole  of  these  mountains  was  once  covered  with  a  mag- 
nificent  growth  of  timber,  which  owing  to  its  inaccessibility  was  long 
si)ared  the  woodman's  ax.  Now,  however,  since  the  forests  of  the 
North  and  the  West  have  been  denuded,  the  lumbering  element  has 
turned  its  attention  to  the  Southern  Appalachians,  and  the  vast  for- 
ests there  are  rapidly  disappearing.  Railroads  have  penetrated  the 
mountains,  and  mills  large  and  small  have  been  located  in  the  forested 
areas.  One  great  railroad  traverees  the  heart  of  the  region,  with  a 
branch  from  Asheville  through  Macon  and  Cherokee  counties.  Lines 
have  also  been  constructed  up  Doe  and  Nolichuky  rivers,  and  a  number 
of  other  lines  have  been  surveyed,  some  of  which  will  prol)ably  be  built 
within  a  few  yeai-s.  Wherever  a  railroad  is  constructed  the  neigh- 
boring timber  soon  disappeai*s,  in  consequence  of  the  cheaper  trans- 
portation. Most  of  the  large  mills  are  steam  sawmills,  and  they  are 
moved  deeper  into  the  forests  as  the  supply  of  timl>er  in  their  imme- 
diate vicinity  is  exhausted,  the  railroads  being  extended  to  them. 
Near  the  rivers  the  logs  are  splashed  down  the  streams  to  the  timber 


*  There  is  record  of  a  grreater  amount  than  this,  but  it  is  not  considered  quite  trustworthy. 
^During the  summer  and  fall  of  1000  extensive  investiprations  of  the  forests  of  the  Southern 
Appalachian  region  were  made  by  the  United  States  Bureau  of  Forestry,  Gifford  Pinchot, 
forester. 
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pens  of  the  miilH  below,  thus  sHviiig  the  cost  of  railroad  transporta- 
tion or  long  hauls  over  rough  and  st'Oep  roads.  Splash  dams  are  con- 
structed which  hold  back  the  water  in  dry  seasons  and  float  the  logs 
over  the  rocky  beds  of  the  streams. 

Notwithstanding  the  inroads  that  have  been  made  on  these  forests, 
nowhere  in  the  United  States  is  there  an  equal  area  of  land  covered 
with  so  great  a  variety  of  valuable  timber.  The  w^alnuts,  tulips 
(poplars),  and  oaks  grow  to  almost  incredible  size  (see  PL  XI).  In 
many  localities  white  pine  occurs  in  large  tracts,  growing  to  great 
heights  (see  PI.  XII)  and  furnishing  as  fine  lumber  as  any  of  the  pine 
forests  of  the  countr)^  Near  the  summits  of  all  of  the  higher  moan- 
tains  the  only  growth  is  the  balsam.  Most  of  these  ti'ees  are  exposed 
to  the  cold  and  wind,  and  for  that  reason  ai'e  small  and  twisted  (see 
PL  XIII,  ^4),  but  where  protecte<i  they  grow  to  large  size,  especially 
in  the  Craggy  and  the  Smoky  mountains.  Numerous  varieties  of 
rhododendrons  grow  on  the  slopc^s  of  manj'  of  the  mountains,  forming 
an  almost  imi)enetrable  jungle.  During  the  flowering  season  these 
pres(*nt  a  most  l)eautif ul  appearance,  being  often  a  mass  of  blossoms 
stretching  as  far  as  the  eye  can  reach  in  every  direction.  Grand- 
father Mountain  is  particularly  rii^h  in  this  growth  (see  PL  XIII,  i?), 
the  chief  species  being  Rhododendron  rncurhnura,  Rhododendron 
catawhiense,  and  Rhododendron  vaseyi. 

Although  the  region-still  has  the  finest  hard-wood  forests  in  the  coun- 
try', the  large  tracts  of  wild  cherry  and  black  walnut  which  once  flour- 
ished have  eutirelydisappeared,  and  the  mills  are  now  sawing  cheaper 
lumbers,  such  as  oak,  white  pine,  ash,  and  poplar.  Not  many  years 
ago  the  supply  of  walnut  was  so  abundant  that  old  mountaineers  tell 
of  splitting  rails  from  walnut  logs  and  of  burning  or  allowing  to  rot 
the  walnut  stumps  which  to-day  would  bring  immense  sums  from 
veneering  factories.  The  unfortunate  feature  of  this  lumlwring  is 
that  there  is  no  discrimination  in  the  cutting.  All  of  the  trees,  large 
and  small,  are  felled,  and  if  found  not  suitable  for  imme<Uate  use 
they  are  allowed  to  rot  on  tlu^  ground.  In  many  places  the  luml>er 
companies  are  recutting  areas  which  have  once  been  gone  over,  and 
are  denuding  them  of  even  the  smallest  trees.  Some  of  the  companies 
saw  anything  that  will  make  a  plank.  In  the  case  of  the  bark  gath- 
erers the  wtistefulness  is  particularly  deplorable.  These  men  fell  - 
the  trees — chiefly  chestnut-oak  and  hemlock — for  the  bark,  and  after 
stripping  them  make  no  attempt  to  use  the  timber.  Ever3'  year  hun- 
dreds of  cords  of  bark  are  hauled  from  these  mountains,  and  each 
load  means  that  some  giant  of  the  forest  lies  useless  on  its  native 
soil.  Near  the  railroads  it  is  profitable  to  sa>v  the  timber  and  haul 
it  to  the  station,  but  the  natives  find  that  they  can  strip  the  trees  and 
haul  the  bark  much  farther  than  they  can  afford  to  haul  the  timber. 
It  is  a  mournful  sight  to  see  these  immense  trees  lying  where  felled, 
of  no  use  to  anybody,  simply  marking  the  wanton  wtistefulness  of  man. 


B.    HHODO0£NORON 
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Lurabering  on  a  larjje  scale  has  been  carried  on  for  only  a  few  years, 
but  in  addition  to  the  larg:e  steam  mills,  which  are  moved  deeper  into 
the  forest  as  the  timber  in  their  vicinity  is  exhausted,  every  little 
creek  now  has  one  or  two  small  water-power  sawmills  cutting  from 
500  to  5,000  feet  a  day.  Dry  kilns  are  built  and  planers  are  put  in  so 
that  the  mills  can  turn  out  finished  lumber.  Although  by  the  old 
•methods  fearful  inroads  were  made  on  the  forests,  so  thorough  is  the 
denudation  by  the  new  mills  that  it  will  not  take  them  many  years  to 
exhaust  all  of  the  timber  that  is  worth  sawing. 

The  four  largest  lumber  plants  operating  in  this  section  are  the 
Watauga  Lumber  Company,  on  Watauga  River;  the  Empire  Com- 
pany, in  the  Shady  Valley;  the  Ritter  Company,  at  Pineola,  on  Lin- 
ville  River;  and  a  new  company  with  main  yards  at  Huntsdale,  Tenn., 
on  the  Nolichucky. 

The  Watauga  Lumber  Company  owns  almost  all  of  the  timber  in 
the  Watauga  Valley.  They  have  built  five  splash  dams  for  the  pur- 
pose of  floating  logs  down  to  their  mill.  Two  of  these  dams  are  on  the 
main  river,  one  at  ShuUs  Mill  and  the  other  just  above  the  mouth  of 
Beaverdam  Creek.  On  Beaverdam  Creek  there  is  a  splash  dam  about 
2  miles  from  the  mouth,  and  during  the  summer  of  1900  the  company 
removed  much  of  the  timber  from  the  lower  part  of  the  Beaverdam 
Valley.  About  6  miles  up  Laurel  Creek  they  have  another  splash 
dam,  and  are  now  cutting  the  timber  in  that  region.  The  fifth  dam  is 
on  Elk  Creek,  just  below  the  big  falls.  They  have  not  commenced 
lumbering  there  yet,  but  they  own  all  of  the  timber.  At  ShuUs  Mill 
the  company  has  built  a  tramroau  up  in  the  mountains  to  haul  their 
logs  to  the  river.  They  cut  only  the  white  pine  and  the  poplar, 
because  of  the  distance  the  logs  have  to  be  splashed.  They  now  have 
thousands  of  logs  all  along  the  river  from  Shulls  Mill  to  their  mill 
below  Elizabethton. 

The  Empire  Company  started  work  in  the  Shady  Valley  during  the 
summer  of  1900.  They  have  put  up  a  large  mill  and  timber  pen  on 
Beaverdam  Creek,  and  later  will  put  in  a  dry  kiln.  The  mill  is  to  be 
run  by  steam.  The  Holston  Valley  Railroad  is  being  built  from 
Abingdon,  Va.,  for  the  purpose  of  getting  this  lumber  out.  The  rail- 
road follows  down  the  South  Fork  of  Holston  River  to  the  mouth  of  the 
Laurel  Fork,  then  up  the  Laurel  Fork  and  Beaverdam  Creek.  This 
is  considered  one  of  the  finest  timber  regions  in  the  mountain  section, 
consisting  mostly  of  white  pine  and  spruce,  with  a  very  little  hard 
wood,  mostly  chestnut.  The  land  being  very  fertile,  the  trees  have 
grown  to  great  size,  being  n(*arly  100  feet  to  the  first  limb.  Up  to  the 
present  time  the  timber  in  this  valley  has  been  almost  untouched,  on 
account  of  the  long  haul  over  tlie  mountains  to  a  railroad. 

The  Ritter  Company,  at  Pineola,  has  had  its  mill  in  operation  about 
a  year.  It  is  run  by  steam,  and  has  a  capacity  of  50,000  feet  a  day. 
Their  timber  pen  is  on  Linville  River,  and  the  logs  are  brought  to  it 
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by  a  narrow-gage  railroad,  which  also  carries  the  timber  to  Johnson 
City,  Tenn.,  by  way  of  Cranberry,  N.  C.  The  tract  of  this  company, 
which  contains  some  very  fine  white  pine,  extends  from  Pineola  to 
Linville  Falls,  on  both  sides  of  Linville  River,  and  includes  most  of 
the  timber  on  Jonas  Ridge. 

The  Ohio  River  and  Charleston  Railroad  has  been  constructed  from 
Johnson  City,  Tenn.,  up  the  valley  of  Nolichucky  River  as  far  as  the 
mouth  of  Canoy  River,  and  a  large  lumber  yard  and  shipping  point 
have  been  established  at  Huntsdale,  Tenn.  A  number  of  steam  saw- 
mills have  also  been  built  on  the  slopes  of  the  Black  Mountains. 
These  mills  are  temporary  structures  and  will  be  moved  from  point 
to  point  to  avoid  long  hauls  of  the  logs.  The  lumber  is  hauled  to 
Huntsdale  for  shipment.  Huntsdale  has  sprung  up  on  the  banks  of 
the  Nolichucky  like  a  western  mining  town,  and  is  not  yet  on  maps 
of  the  region.  The  owners  expect  to^ extend  the  railroad  very  soon. 
It  is  said  that  they  have  bought  1,000,000  trees  and  are  still  increas- 
ing their  purchases. 

Several  other  companies  are  doing  considerable  lumbering.  A  com- 
pany in  Bristol  has  built  a  railroad  to  transport  timber  from  the 
mountains  south  of  Bristol  across  the  South  Fork  of  Holston  River. 

The  many  wood- working  establishments  on  the  Tennessee  side  of 
the  mountains  use  considerable  lumber,  and  close  to  the  railroad  on 
that  side  much  soft  wood  is  cut  for  the  pulp  mills  in  Bristol  and  other 
places. 

Despite  the  great  inroads  on  the  forests  in  this  region,  many  large 
areas  have  not  been  touched.  The  timber  near  the  tops  of  all  of  the 
higher  and  steeper  ridges  still  remains.  This  is  particularly  notice- 
able in  the  area  between  the  South  Fork  of  Holston  River  and  the 
Watauga,  where,  except  in  the  Shady  Valley,  which  is  now  being 
cleared,  all  the  timber  that  could  easily  be  reached  is  gone,  and  only 
that  at  the  tops  of  the  steepest  mountains  remains.  Three  especially 
large  areas,  however,  have  not  been  cut,  namely.  Grandfather  Moun- 
tain, the  Black  Mountains,  and  the  long  strip  of  land  on  both  sides 
of  Linville  River.  Grandfather  Mountain  is  owned  by  the  Linville 
Improvement  Company,  and  it  is  not  likely  that  they  will  permit  any 
lumbering.  The  variety  of  trees  in  this  area  is  greater  than  in  the 
other  regions,  being  hard  woods  near  the  base  of  the  mountain  and  fir 
near  the  summit.  The  Black  Mountains  have  escaped  the  lumber- 
man only  because  of  the  difficulty  of  removing  the  logs  and  getting 
the  lumber  to  market.  Since  the  completion  of  the  Ohio  River 
and  Charlestown  Railroad  to  Huntsdale,  however,  several  mills  have 
Htart(5d  work  around  the  bases  of  those  mountains,  and  it  will  not  he 
long  before  the  timber  is  cut  well  up  the  sides. 

On  both  sides  of  Linville  River,  from  just  below  Linville  to  Beech 
Bottom,  there  is  a  very  large  strip  of  land  containing  exceptionally 
line  timber  which  has  net  been  cleared  of  even  the  most  valuable 
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trees.  The  upper  end  of  this  strip,  however,  is  owned  by  the  Ritter 
Company,  and  they  are  clearing  the  area,  as  already  mentioned. 
Their  tract  extends  from  just  below  Linville  nearly  to  Linville  Falls, 
and  contains  some  especially  fine  white  pine.  The  next  strip,  extend- 
ing from  a  half  mile  above  the  falls  to  3^  miles  below  them  on  each 
side  of  the  river,  and  containing  51,000  acres,  is  owned  by  the  Mor- 
ganton  Improvement  Company.  The  next  lower  area,  running  down 
the  river  to  Beech  Bottom,  belongs  to  the  Cheever  Improvement  Com- 
pany. The  two  latter  tracts  are  very  rich  in  white  pine,  poplar,  ash, 
oak,  hemlock,  spruce,  and  the  linn  or  linden. 

Three  railroads  have  been  surveyed  to  run  through  this  district — 
one  from  Bristol  to  Lincolnton,  another  from  Cooks  Gap  to  Lenoir, 
and  the  third  from  Collettsville,  on  John  River,  to  Cranberry,  to  con- 
nect with  the  narrow-gage  railroad  running  to  Johnson  City,  Tenn. 
If  these  railroads  are  built  the  timber  in  the  vicinity  will  soon  be  cut, 
leaving  the  ground  bare,  as  it  is  along  the  other  roads. 

The  unfortunate  feature  of  the  lumbering  is  that  the  ground  is 
completely  stripped  of  trees  and  then  is  left  without  cultivation. 
The  slopes  are  often  too  steep  for  successful  farming,  and  in  many 
places  the  top  soil  is  washed  off  and  the  hillsides  become  more  or  less 
gullied  by  the  water  rushing  down  the  mountains. 

Great  as  has  been  the  havoc  wrought  by  the  lumberman,  his  part 
in  the  forest  destruction  has  been  small  when  compared  with  that  of 
the  clearing  of  the  land  for  agricultural  purposes  and  with  forest  fires. 
Too  often  the  farmer,  instead  of  trying  to  improve  the  soil  in  the 
valley,  makes  additional  clearings  on  the  mountain  sides.  Owing  to 
the  steepness  of  the  slopes,  the  productiveness  of  the  hillside  fields  is 
short  lived.  After  the  trees  have  been  girdled  and  the  underbrush 
destroyed  the  land  can  be  planted  in  com  for  one  or  two  years,  then 
in  grain  for  a  year,  and  then  in  grass  for  one  or  two  years,  after  which 
it  can  be  used  as  pasture  land  for  a  year  or  two,  until,  with  increasing 
barrenness,  the  grass  gives  place  to  weeds  and  the  weeds  in  turn  to 
gullies. 

Forest  fires  have  been  one  of  the  great  curses  in  the  Southern 
Appalachians,  as  elsewhere  in  the  country.  They  were  of  frequent 
occurrence  in  the  days  of  Indian  occupation.  Thus  they  have  pre- 
ceded the  lumberman,  have  accompanied  him,  and  have  followed  in 
his  wake,  and  their  work  has  been  rendered  far  more  destiiuctive  by 
the  lumberman  leaving  brush  scattered  among  the  remaining  growth 
in  such  a  way  that  in  the  burning  it  has  fed  the  fires. 

In  some  regions  fires  have  entirely  destroyed  the  forests,  especially 
where  the  soil  was  thin  and  composed  largely  of  humus.  The  burn- 
ing of  the  humus  has  resulted  in  the  remaining  soil  being  soon  washed 
away,  leaving  the  trees  standing  on  the  bare  surface  of  rock  to  dry 
out  and  die.  In  other  places  fires  have  destroyed  the  undergrowth 
and  the  larger  trees  have  been  burned  near  the  roots  in  such  a  way 
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as  to  iviusi'  tlioir  (Instruction.  R<»p<'»t<*d  fires  in  the  undergrowth 
have  externiinat4Hl  the  jri'asses  and  other  forage  plants  over  large 
areas,  so  that  inst4»ad  of  improving  the  pasturage,  which  is  frequently 
the  obj<»et  of  starting  the  fires,  the  rf^sult  has  lKH.*n  in  the  course  of 
yeara  its  almost  total  destruction. 

That  the  burning  of  the  humus  and  undergrowtJi  in  the  forests  seri- 
ously affects  the  flow  of  the  stivams  anyone  who  has  been  in  a  forest 
during  a  heavy  rain  st-orm  will  admit.  In  the  virgin  forest  the  rain- 
drops are  caught  by  the  underbrush  and  pass  downward  through  the 
humus  into  the  less  porous  soil  an<l  the  rock  fissures  beneath,  to  reap- 
pear wet^ks  and  months  later  in  the  form  of  numberless  springs.  But 
where  the  underbrush  and  humus  have  l)een  burned  away  much  less 
water  soaks  into  the  soil,  most  of  it  flowing  down  the  surface  with  a 
velocity  varying  with  the  slope,  washing  the  soil  into  small  furrows 
and  gullies,  causing  the  rapid  accumulation  of  the  water  into  brooks, 
and  resulting  in  floods  in  the  larger  streams  in  the  valleys  below. 

In  New  England  and  many  of  the  Northern  States  the  numeroui* 
lakes  and  glacial  deposits  of  sand  and  gravel  spread  out  over  the  hilLs 
and  valleys  of  that  region  serve  Jis  a  storehouse  for  the  water  and 
materially  assist  the  forest  (*over  in  preserving  uniformity  in  the  flow 
of  the  streams.  Indeed,  they  would  accomplish  much  in  that  direc- 
tion were  the  fon?st  c()V(»r  entirely  removed.  But  in  the  Southern 
Appalachian  region  there  are  no  lakes  and  no  glacial  gravels  and 
sands,  hence  the  water  storage  depends  entirely  upon  the  forests 
and  the  soil. 

SOIL  AND  VEGETATION. 

Besides  the  actual  reduction  of  the  earth's  surface  according  as  the 
rocks  differ  in  susceptibility  to  atmospheric  agencies,  the  region  has 
been  profoundly  affected  by  the  soils  which  the  rocks  have  produced, 
for  on  the  soils  the  character  and  amount  of  the  vegetation  are  largely 
dependent. 

The  soil  is  naturally  deep  and  fairly  fertile  even  to  the  mountain 
tops,  while  the  valleys,  which  have  been  cleared,  are  remarkable  for 
their  fertilitv.  In  the  valley  of  each  little  mountain  str(»am  can  be 
seen  the  small  cabins  of  the  mountaineers,  who  cultivate  the  narrow 
tracts  of  land  close  to  the  river  and  oft(»n  attempt  agriculture  on  the 
steep  slopes  of  the  mountain  sides.  PL  XIV  gives  views  of  two  char- 
acteristic mountain  homes.  In  these  houses  the  natives  live  on  from 
generation  to  generation,  seemingly  without  desire  for  change  or  bet- 
terment. When  the  eldest  son  is  married  he  is  given  a  portion  of  his 
father's  land,  which  he  in  turn  attempts  to  clear  and  cultivate,  man- 
aging to  eke  out  a  scanty  existence,  and  being,  like  his  forefathers, 
well  satisfied  with  his  suiToundings  and  his  condition  in  life.  Fruits 
and  vegetables  grow  abundantly  and  to  large  size,  and  would  no  doubt 
be  cultivated  much  more  were  it  not  foi-  the  lack  of  means  of  transpor- 
tation.    The  entire  region  is  well  adai)ted  to  stock  raising,  which  is 
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one  of  the  chief  industries.  Veal's  ago  Gk^neral  Clingman  wrote: 
"Horses and  horned  cattle  are  usually  driven  out  into  the  mountains 
about  the  first  of  April  and  broujjht  back  in  November.  Within  six 
weeks  after  they  have  thus  been  put  into  the  range  they  become  fat 
and  sleek.  There  are,  however,  on  the  top  and  along  the  sides  of  the 
higher  mountains  evergreen  and  winter  grasses  on  which  horses  and 
homed  cattle  live  well  through  the  entire  winter.  Such  animals  are 
often  foaled  and  reared  there  until  fit  for  market,  without  even  seeing 
a  cultivated  plantation."  This  custom  of  turning  the  stock  loose  on 
the  mountains  still  continues;  and  in  recent  years  considerable  atten- 
tion has  been  given  to  fine  stock  breeding. 

Many  varieties  of  shrubs  and  flowering  plants  abound,  and  the  region 
should  prove  a  Mecca  for  botanists.  PL  XV  (a  view  on  the  lilack 
Mountains)  will  give  an  idea  of  the  great  variety  of  ferns  and  plants 
with  which  the  mountain  slopes  are  covered.  In  the  foreground  is 
one  of  the  cool  springs  for  which  the  region  is  noted. 

According  to  Mr.  Arthur  Keith,  of  the  U.  S.  Geological  Survey, 
•'the  moist  atmosphere  is  conducive  to  the  rapid  decay  of  the  rocks, 
which  break  up  chiefly  under  the  attack  of  rain,  frost,  the  roots  of  the 
trees,  the  underground  waters,  and  organic  acids.  At  first  decay  works 
in  along  the  various  partings,  resulting  in  tlie  loosening  of  large  masses, 
which  gradually  become  smaller,  until  finally  nothing  is  left  of  them 
except  clay  and  the  more  obdurate  bits  of  rock.  The  rocks  reach  the 
surface  over  only  v^er}'-  small  patches,  while  in  places  the  disintegra- 
tion attains  a  depth  as  great  as  50  feet.  On  slox)ing  surfaces  the  loose 
material  is  maintained  in  its  place  solely  by  friction.  When  this  is 
lessened  or  overcome  from  any  cause,  the  residual  matter,  be  it  clay 
or  rock  fragments,  slides  down  the  slope  until  the  friction  is  again 
snflicient  to  retain  it  in  one  position.  Thus  are  formed  immense 
deposits  washed  down  from  steep  slopes  and  accumulated  in  the  hol- 
lows and  flatter  places.  This  material  gradually  works  its  way  down- 
hill, as  it  is  pushed  along  by  the  freezing  of  the  water,  or  is  rendered 
more  unstable  as  the  water  transforms  it  into  inud.  Eventually  it 
finds  its  way  into  the  streams  and  is  carried  by  slow  stages  into  the 


sea. 


The  chief  agent  which  checks  this  process  of  removal  is  the  forest 
cover,  even  though  the  penetrating  roots  and  the  acids  due  to  vegeta- 
tion induce  rock  decomposition.  These  same  roots,  however,  hold 
the  loose  material  in  place  and  check  its  tendency  to  slide  downhill. 
With  this  assistance  loose  soils  are  upheld  on  slopes  fully  double  those 
which  they  could  maintain  unaided.  Besides  this  direct  hindrance  to 
the  wast«  of  slopes  by  increased  friction,  the  action  of  the  forests  is  as 
great  in  another  way.  Loose  material  is  washed  downhill  during  rain 
storms  by  even  the  tiniest  rivulets.*     In  open  fields  these  gather  in  a 

*P\.  XVI,  A^  shows  the  startingr  of  such  a  wash  in  a  deforested  area  and  illustrates  the  way  in 
which  this  wash  is  checked  by  the  growth  of  trees  higher  on  the  mountain  side.    H.  A.  P. 
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few  miniiteH,  and  form  deeper  and  deeper  channels  >vith  each  suc- 
ceeding storm,  finally  removing  the  loose  material  down  to  the  bare 
rock.  This  process  is  almost  prohibited  by  the  network  of  roots  and 
the  cover  of  leaves,  both  living  and  dead,  and  the  water  concentrates 
into  rivulets  b^  seeping  through  the  soils  so  slowly  that  it  carries  no 
sediment.  The  waters  finally  drain  off  in  the  hollows  and  small 
streams  whose  channels  have  been  fitted  by  long  use  to  withstand 
the  attacks  of  rushing  water. 

''  Countless  illustrations  of  this  process  can  be  seen  during  any  rain 
storm.  Streams  which  drain  considerable  areas  of  cleared  land  rm* 
fast  and  become  turbid  with  mud.  Those  which  drain  areas  protect4?d 
by  forests  rise  much  more  slowly,  and  by  comparison  the  water  could 
be  called  clear,  except  in  violent  stonns.  This  result  is  of  course 
most  striking  at  the  very  headwaters,  the  little  streams  rising  in  the 
fields  and  in  the  woods.  The  effects  of  this  work  are  seen  in  the  innu- 
merable gullies  which  gash  fields  left  to  the  elements  for  any  time.  In 
fact,  unless  checked  by  the  most  constant  attention  these  gullieA  soon 
strip  off  the  soil  and  day  and  ruin  the  fields.''  In  the  forests,  on  the 
other  hand,  one  rarely  sees  a  slope  of  soil  not  covered  with  vegetation, 
and  it  is  only  along  the  immediate  banks  of  the  streams  that  raw 
slopes  of  loose  material  are  exposed.  In  short,  in  this  region  of  deep 
residual  soils  the  influence  of  the  forest  is  paramoun^t.  It  is  a  fact 
well  known  among  the  mountaineers  that  the  soils  are  far  more  fertile 
when  first  cleared  from  timber  than  ever  again.  It  is  equally  well 
known  among  the  farmers  along  the  river  bottoms  that  the  same 
crops  have  been  planted  there  with  equal  success  for  scores  of  years. 
These  latter  soils,  however,  are  refreshed  from  time  to  time  by  the 
overflowing  waU^rs,  which  have  .swept  off  fertile  materials  from  the 
steeper  slopes  above.  The  natural  fertility  of  the  mountain  soils  is 
very  great,  as  is  abundantly  shown  by  the  dense  and  luxuriant  forest 
growth.  The  pristine  strength  of  the  soil  soon  wanes  in  the  clearings, 
however,  and  there  ensues  a  loss  which  is  permanent  for  at  least  « 
generation.  To  convince  one's  self  of  the  existence  of  this  condition 
it  is  only  necessary  to  visit  the  region. 

"In  addition  to  the  loss  inflicted  by  forest  cutting  upon  the  steep 
slopes  themselves  great  damage  also  results  to  the  lands  lying  farther 
down  the  streams.  The  deep  clays  and  underlying  rocks  form  a  kind 
of  gigantic  sponge  which  stores  up  water  during  its  plenty.  Whf 
the  forests  are  stripped  away  the  waters  collect  and  run  off  with  vastb 
greater  speed,  and  much  evaporates,  so  that  not  only  is  less  stores! 
up,  but  the  discharge  is  more  irregular  and  t-emporary.  Destruc- 
tive floods  result  and  droughts  are  wider  spread.  Thus,  viewed  from 
the  standpoint  either  of  utility  or  beauty,  these  unrivaled  forests  an- 
the  keystone  of  the  arch." 

During  high  floods  the  rivers  carry  enormous  quantities  of  sand  and 
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clay  washed  from  the  mountain  sides.  This  material  is  deposited  in 
great  beds  upon  the  cultivated  lands  along  the  rivers  below  (see  PL 
Xyni,  A  and  B\  making  future  tilling  impossible  and  ruining 
immense  areas  of  arable  land. 

Inasmuch  as  the  rivers  are  chiefly  dependent  upon  their  headwaters 
for  supply  it  is  impossible  to  overestimate  the  importance  of  preserv- 
ing the  forest  cover  on  the  mountain  sides. 

MINERAL  RESOURCES. 

No  effort  will  be  made  to  describe  in  detail  the  mineral  resources  of 
the  region.  The  geological  surveys  of  the  various  States  and  of  the 
United  States  have  published  considerable  literature  on  that  subject, 
and  further  studies  of  it  are  now  being  made.  Stated  briefly,  corun- 
dum abounds  in  certain  localities.  The  mica  of  Yancey  and  Mitchell 
counties  is  widely  known  as  among  the  best  in  the  world,  the  deposits 
being  so  extensive  as  to  furnish  a  large  part  of  the  world's  supply. 
In  a  number  of  counties  iron  occurs  in  large  quantities,  and  copper 
and  other  minerals  have  been  mined  to  some  extent.  In  the  descrip- 
tions of  the  various  drainage  areas  mention  will  be  made  of  the  more 
important  mineral  resources  of  specific  localities. 

HIGHWAYS. 

The  highways  of  the  region  are  bad,  having  steep  grades  and  being 
poorly  surfaced.  In  many  localities  practically  no  work  is  put  on  the 
roads,  and  during  certain  seasons  of  the  year  they  become  almost 
impassable  to  wagons.  This  is  largely  due  to  the  neglect  of  the  inhab- 
itants, for  in  most  parts  of  the  mountain  districts  excellent  road  mate- 
rials exist,  and  with  proper  care  and  intelligence  the  highways  could 
be  maintained  in  good  condition  at  moderate  expense.  Upon  the 
mountain  sides  the  rain  water  is  allowed  to  run  in  the  road  bed,  soon 
washing  out  great  gullies  and  exposing  the  rocks,  so  that  a  horse  is 
obliged  to  pick  his  way  from  side  to  side  with  great  care  and  the  rider 
to  be  constantly  on  the  alert  to  prevent  accident.  Such  a  road  is 
shown  in  PI.  XIX,  A,  The  highway  from  Marion,  N.  C-,  to  Spruce- 
pine,  illustrated  in  PI.  XX,  is  a  typical  mountain  road  of  this  region 
over  which  a  wagon  c!\n  pass,  but  with  diflBculty.  In  many  cases,  in 
order  to  avoid  cutting  a  road  on  the  slopes  of  the  mountains,  the 
stream  bed  is  used  as  a  highway,  although  usually  exceedingly  rough 
and  at  the  time  of  high  water  dangerous  to  the  traveler.  PL  XXI 
illustrates  a  road  bed  which  has  for  years  been  used  as  a  highway. 
Farther  down  the  river  valleys,  where  clays  are  more  prevalent,  the 
roads  are  often  exceedingly  muddy,  it  being  a  common  occurrence  for 
the  wagons  to  sink  hub  deep  into  the  mud.  (See  PI.  XIX,  2?.)  There 
are  a  few  remarkable  exceptions,  however,  as,  for  example,  the  toll 
road  from  Linville  around  the  base  of  Grandfather  Mountain  to  Blow- 
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ing  Rock,  known  as  the  Yonahlossee  road  and  shown  in  PL  XXII,  anc 
the  road  between  Blowing  Rock  and  Boone,  both  of  which  are  excelleni 
in  grade  and  surface  and  show  what  can  be  done  when  the  material 

at  hand  are  used  with  skill. 

I 

DRAIKAGE  BASINS. 

In  the  course  of  the  examination  of  the  watersheds  ^nd  the  genera 
investigation  of  the  flow  of  the  streams  in  the  Southern  Appaiaehiai 
region  which  were  carried  on  during  the  summer  of  1900,  many  mea» 
urements  of  flo.w  were  made  on  the  larger  streams  and  on  most  ol 
their  upper  tributaries,  the  results  of  which  are  contained  in  thb 
report.  The  small  Price  meter  was  used  in  making  measurement's 
There  being  few  bridges  in  the  region  most  of  the  measuremeuts  wer< 
made  by  wading.  It  was  therefore  impossible  to  make  gagings  ol 
many  of  the  streams  at  the  time  of  high  water. 

In  some  respects  the  season  was  x)cculiar.  Rain  was  abundant  dur 
ing  June  and  the  streams  were  moderately  high  during  the  early  part 
of  the  summer.  Later,  however,  very  little  rain  fell,  and  most  of  the 
rivers  and  their  tributaries  were  at  an  extremely  low  stage,  as  low,  in 
fact,  as  they  have  been  for  a  number  of  years.  An  effort  was  made 
to  make  more  than  one  measurement  at  the  same  point  on  each  stream. 
When  the  first  measurement  was  made  a  bench  mark  was  established, 
and  the  relative  height  of  the  water  surface  was  measured  at  eacli 
successive  gaging.  Examinations  were  also  made  for  high>watei 
marks,  and  when  the  annual  fluctuations  of  a  stream  could  be  deter- 
mined they  were  noted.  By  means  of  these  data  a  knowledge  of  the 
flow  of  the  streams  at  various  stages  and  of  the  relation  that  exists 
between  the  rise  of  the  streams  and  their  discharge  can  be  obtained, 
though  of  course  the  only  definite  information  we  have  is  the  discharge 
at  the  time  of  measurement. 

On  the  larger  streams  gaging  stations  were  established,  as  is  the 
custom  of  the  Survey,  the  height  of  the  water  surface  being  read  daily 
on  the  gage  and  recorded  by  a  local  observer,  and  the  measurements, 
which  were  made  as  often  as  practicable,  being  referred  to  the  same 
gage.  With  these  data  a  curve  was  plotted,  using  the  gage  readings  as 
ordinates  and  the  stream  discharge,  in  cubic  feet  per  second,  as 
abscisssB.  From  this  curve,  the  mean  of  the  daily  gi^e  readings 
being  known,  the  approximate  daily  discharge  was  interpolated.  This 
method  is  described  in  detail  in  the  annual  reports  of  the  Survey  and 
in  Water-Supply  Paper  No.  66. 

The  great  difficult}"^  encountered  at  these  stations,  which  are  on 

mountain  streams,  was  to  obtain  measurements  at  the  time  of  high 

water.     After  a  rain  the  rivers  rise  rapidly,  and  as  they  fall  as 

quickly,  unless  a  person  is  near  the  station  the  high  water  will  have 

_UiSsed  before  he  can  reach  the  point  of  measurement. 
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Ihe  following  is  a  list  of  the  gaging  stations  established  in  the 
basin : 

Cfaging  stations  established  during  1900  on  streams  in  Southern  Appalachian 

region. 


Stream. 


N'o^rBiyer 

South  Fork  of  New  River  . ... 
North  Pork  of  New  River. . .. 

Yadkin  River 

^,«itawba  River 

«^ohn  River 

Linville  River 

Broad  River 

South  Fork  of  Holston  River. 

Watauga  River 

Roan  Creek 

Elk  Creek 

Nolichucky  River 

Pijfeon  River 

French  Broad  River 


Location. 


Date  estab- 
lished. 


Oldtown.Va 

New  River,  N.O.. 
Weaversford,  N.  C 

Siloani,N.C 

Morsranton,  N.  C  . . 


rgani 

Bridge  water ,  N .  G  . . . . 

Dellinger.S.O 

Bluflf  City,  Tenn 

Butler,  Tenn 

do 

Lineback.  Tenn 

Chucky  Valiey ,  Tenn . 

Newport,  Tenn 

Oldtown,  Tenn 


1900. 
August  5. 
July  29. 

Do. 
August  3. 
June  19. 

Da 
July  3. 
August  'M. 
July  17. 
August  11. 

Do. 
August  6. 
Sepfenil>or20L 
September  4. 

Do. 


Besides  the  foregoing  stations,  which  were  established  during  the 
siimmerof  1900,  the  following  gaging  stations  have  been  maintained  for 
several  years  upon  streams  flowing  from  the  Southern  Appalachian 
Mountains: 

Regular  gaging  stations  of  tlie  Oeological  Survey  on  streams  flowing  from  tfie 

Southern  Appalachian  Mountains, 

New  River  at  Radford,  Ya.,  and  at  Fayette,  W.  Va. 

James  River  at  or  near  Glasgow,  Buchanan,  Cartersville,  and  Holcomb 

Rock,  Va. 
Roanoke  River  at  Roanoke,  Va.,  and  at  Neal,  N.  C. 
Dan  River  at  South  Boston,  Va. 
Staunton  River  at  Randolph,  Va. 
Yadkin  River  at  Salisbury  and  Norwood,  N.  C. 
Catawba  River  at  Catawba,  N.  C,  and  at  Rockhill,  S.  C. 
Broad  River  (of  the  Carolinas)  near  Alston,  S.  C. 
Saluda  River  at  Waterloo,  S.  C. 
Tallulah  River  at  Tallulah  Falls,  Ga. 
Tugaloo  River  near  Madison,  S.  C. 

Savannah  River  near  Calhoun  Falls,  S.  C,  and  at  Angusta,  Ga. 
Oconee  River  near  Dublin,  Ga. 

Chattahoochee  River  at  Oakdale  and  at  West  Point,  Ga. 
Coosawattee  River  at  Carters,  Ga. 
Oostanaula  River  at  Resaca,  Ga. 
Coosa  River  at  Rome,  Ga.,  near  Riverside,  Ala.,  and  at  locks  Nos.  4 

and  5,  Alabama. 
Toccoa  River  near  Blueridge,  Ga. 
Nottely  River  at  Ranger,  N.  C. 
Hlwassee  River  at  Charleston  and  Reliance,  Tenn.,  and  at  Murphy, 

N.  C. 
Tennessee  River  at  Chattanooga  and  Knoxville,  Tenn. 
Little  Tennessee  River  at  Judson,  N.  C. 
Tuckasegee  River  at  Bryson,  N.  C. 
French  Broad  River  near  Asheville,  N.  C 
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These  stations  cover  every  stream  rising  in  the  Southern  Appala- 
chian Mountains.  Results  of  measurements  will  be  found  iii  the 
annual  reports  of  tlie  Surve3^ 

HOLSTON  RIVER. 
PHYSICAL.  FEATURES. 

The  areas  drained  by  Ilolston  River  comprise  the  basinsof  the  North, 
South,  and  Middle  forks  of  that  stream,  the  Watauga,  the  Nolichucky, 
and  the  French  Broad,  including  parts  of  southwestern  Virginia, 
eastern  Tennessee,  and  western  North  Carolina.  The  river  is  one 
of  the  largest  of  the  streams  which  form  the  great  Tennessee  River. 
It  rises  along  the  western  slopes  of  the  Blue  Ridge,  in  Smyth  and 
Bland  counties,  Va.,  in  three  forks,  known  as  the  North,  Middle,  and 
South  forks,  respectively.  The  North  Fork,  from  its  position,  receives 
no  tributaries  rising  within  any  of  the  areas  proposed  for  the  pro- 
jected Appalachian  National  Park,  and  for  that  reason,  in  view  of  the 
very  large  area  necessary  to  be  covered  during  the  field  season  and 
the  limited  time  in  which  to  perform  the  work,  it  was  not  investigated. 
The  areas  drained  by  the  Middle  and  South  forks  were  quite 
thoroughly  studied,  and  many  direct  instrumental  measurements 
were  made  of  their  flow  and  of  the  flow  of  all  streams  tributary  to 
them  whose  discharge  was  sufficiently  great  to  admit  of  the  use  of  a 
current  meter,  the  minimum  limit  being,  roughly,  a  little  less  than  1 
cubic  foot  per  second,  depending  largely  on  the  form  and  character  of 
the  bed  of  the  stream. 

The  physical  conditions  of  the  drainage  basin  vary  greatly,  the 
character  of  the  country  ranging  from  the  genfly  rolling  plain  of  the 
South  and  Middle  forks,  with  its  smooth,  rounded,  and  grass-covered 
hills,  to  the  grandest  and  mightiest  mountain  masses  to  he  found  east 
of  the  Rocky  Mountains,  such  as  the  Unakas  and  the  Black  Mountains, 
with  their  numerous  peaks  rising  more  than  6,000  feet  above  sea  level, 
and  witli  steep  and  rocky  slopes  still  clad  in  virgin  forest.  There  are 
wide  variations  in  the  soil  and  in  the  general  geologic  conditions  and 
structure,  considerable  variation  in  temperature  and  rainfall,  and  still 
wider  variations  in  the  character  of  the  streams  of  the  area,  which 
include  the  brawling  mountain  torrents  fed  by  perpetual  springs,  the 
puny  wet-woather  streams  of  the  slate  country,  and  the  subterranean 
streams  of  the  limestone  regions.  The  entire  area  is  part  of  the  great 
Mississippi  slope,  of  which  the  eastern  boundary  is  formed  by  the 
Blue  Ridge  Mountains,  on  which  all  of  the  streams  of  this  area  ri.se, 
those  of  Virginia  flowing  to  the  southwest,  through  the  great  Valley 
of  East  Tennessee,  those  from  North  Carolina  flowing  to  the  north- 
west, through  the  Unakas,  in  grand  and  deep  gorges  and  down  the 
valley  slopes  to  their  union  with  the  main  stream. 

^^*^e  Unaka  chain,  the  most  prominent  natural  feature  within  the 
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area,  is  a  long  range,  the  most  massive  of  the  Appalachians,  its  high 
crests  forming  the  boundary  between  North  Carolina  and  Tennessee. 
It  is  for  the  most  part  one  single  ridge,  but  occasionally  it  spreads 
out  into  a  series  of  from  two  to  four  parallel  ridges.  The  chain  is  con- 
tinuous except  that  it  is  intercepted  by  the  deep  and  rocky  cuts  of  the 
tributaries  of  the  Holston  and  the  Tennessee.  In  Virginia  it  unites  with 
the  Blue  Ridge.  It  forms  large  parts  of  Johnson,  Carter,  Washington, 
Greene,  Cocke,  and  Unicoi  counties  in  Tennessee.  In  Johnson  County 
the  ridges  lie  in  such  a  manner  as  to  completely  encircle  the  great 
cove  of  the  county,  and  in  Carter  County  they  nearly  inclose  the 
valleys.  It  has  been  said  that  the  chain  is  a  belt  of  parallel  ridges, 
but  in  most  of  the  Tennessee  part  of  it  the  ridges  are  two  in  number, 
one  being  the  main  axis  of  the  chain,  the  other  lower  and  lying  along 
the  foot  of  the  slope,  though  generally  separated  from  the  main  range 
by  long  coves.  This  typical  character  does  not  always  hold  good, 
however,  the  greatest  departure  being  in  the  country  to  the  northeast 
of  French  Broad  River. 

In  the  northeastern  corner  of  the  State,  north  of  Watauga  River,  in 
Johnson  and  Carter  counties,  the  Unakas  divide  into  three  distinct 
ranges  separated  by  wide  and  beautiful  valleys.     Seen  from  some 
points  these  ridges  appear  parallel,  but  in  reality  they  are  conver- 
gent toward  the  north,  and  near  the  Virginia  line  the  Holston  and 
the  Iron  mountains,  the  most  western  of  the  diversions,  converge,  and 
farther  on,  in  Virginia,  the  two  ranges  unite  in  the  long  chain  known 
as  the  Iron  Mountains.     The  most  easterly  of  these  three  ranges  is  the 
Stone  Mountains,  a  long  series  of  crowded  ridges,  along  the  crest  of 
which  runs  a  portion  of  the  State  line,  ex  tending  from  south  of  the 
Watauga  and  culminating  in  the  grand  and  conspicuous  summit  of 
Whitetop.     The  middle  range  is  the  Iron  Mountains,  a  long,  straight 
ridge  extending  through  Johnson  and  Carter  counties — a  portion  of  it 
forming  for  a  long  distance  the  boundary  line  between  those  counties — 
being  separated  from  the  Stone  Mountains  by  the  valley  lands  of  the 
former  county.     Watauga  River  and  Doe  River  have  cut  through 
this  range,  but  it  continues  to  be  well  delined  until  the  southern  part 
of  Carter  County  is  reached,  and  there  it  sinks  away.     South  of  the 
Watauga  it  is  separated  from  the  mountains  on  the  east  by  a  long 
and  narrow  valley  known  in  its  wider  portion  as  Doe  River  Cove. 
The  last  and  most  westerly  of  the  ridges  is  the  Holston  Mountains, 
which  run  out  abruptly  from  the  other  ridges  and  terminate  as  abruptly 
ft  few  miles  north  of  Elizabethton,  Tenn.     They  are  separated  from 
the  mountains  on  the  east  by  the  curious,  very  elevated  basin  called 
Shady  Valley,  and  by  the  valley  of  Stony  Creek. 

As  a  rule  the  Unaka  ridges  are  forest  clad.  The  higher  summits, 
however,  are  frequently  destitute  of  trees,  owing  perhaps  to  the  high 
altitude  and  the  consequent  low  temperature,  but  more  probably  to 
peculiarities  of  the  soil.     Such  summits  are  called  balds.     Sometimes 
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tilie}'  are  a  mile  or  more  iu  diameter,  and  sometimes  a  chain  or  succes- 
sion of  them  occurs  along  a  ridge,  forming  a  continuous  bald  for  sev- 
eral miles.  Roan  Mountain  is  a  bald  of  the  latter  class,  and  there  are 
several  others  like  it  in  the  range.  The  most  magnificent  views  in 
the  mountains  are  obtained  from  these  peaks. 

Lying  to  the  west  of  the  Unakas  is  the  great  valley  known  as  the 
Valley  of  East  Tennessee.  This  broad  and  beautiful  basin  is  a  south- 
ward continuation  of  the  famous  Valley  of  Virginia.  In  Tennessee 
it  has  an  extreme  width  of  more  than  50  miles.  It  is  drained  by  the 
Ilolston  and  its  tributary  sti*eams.  The  portion  of  the  valley  covered 
in  the  course  of  this  investigation  embraced  parts  of  Sullivan,  Carter, 
Johnson,  Washington,  Greene,  and  Cocke  counties.  The  topography 
is  composed  largely  of  a  series  of  parallel  ridges,  the  axis  ext-ending 
in  a  northeagt-southwest  direction,  making  the  country  very  rolling 
when  viewed  transversely.  One  of  the  most  marked  peculiarities  of 
the  region  is  the  short  and  narrow  ridges  of  slate  which  are  apparent 
here  and  there  over  the  area,  sometimes  occurring  in  short  chains  of 
slaty  knobs.  In  Washington,  Greene,  and  Cocke  counties  the  valleys 
partake  of  the  nature  of  the  ridges  and  are  short  and  broken.  There 
are  wide  variations  in  the  width  of  the  stream  vallej's,  some  being 
sharp  and  V  shaped,  others  several  miles  in  width  and  very  beautiful 
and  fertile.  One  of  the  largest  of  the  valleys  is  in  Johnson  County — 
Johnson  County  Cove,  as  it  is  sometimes  called.  Its  form  and  posi- 
tion can  bo  seen  by  reference  to  almost  any  map  of  the  area.  Below 
Mountain  City  it  is  divided  lengthwise  by  Doe  Mountain,  an  isolated 
sandstone  ridge,  but  the  parts  are  united  again  in  the  valley  of  the 
Watauga,  which  is  said  to  have  a  larger  area  than  any  other  valley 
of  similar  elevation  in  the  State.  It  narrows  to  a  point  a  short  dis- 
tance from  the  Virginia  line,  and  is  entirely  inclosed  by  mountains, 
the  Stone  Mountains  being  on  the  east  and  south  and  the  Iron  Moun- 
tains on  the  northwest. 

Lying  between  the  HoLston  and  the  Iron  mountains,  just  before  they 
unite  in  Virginia,  is  the  elevated  basin  called  Shady  Valley,  also 
situated  in  Johnson  County,  and  being  much  higher  than  the  great 
.valley  just  descril)ed,  but  having  a  much  more  limited  ai*ea.  Tlie 
elevation  is  so  great  that  the  flora  partakes  of  the  character  of  that 
found  in  the  northern  regions  of  Canada.  Iron  of  good  quality  and 
very  fine  white  pine  and  spruce  are  found  here.  This  valley  is  more 
fully  described  on  pages  65  to  66,  in  the  description  of  the  area  drained 
by  Beaverdam  Creek. 

The  rivers  of  the  Valley  of  East  Tennessee  are  wide  and  shallow, 
the  waters  clear  and  beautiful,  and  the  tributaries  numerous.  There 
are  two  general  directions  of  flow,  the  tributaries  flowing  to  the  north- 
west or  the  southeast  and  the  main  streams  flowing  to  the  southwest. 
The  valley  floor  throughout  is  very  level  to  gently  rolling,  composed 
of  small  and  rounded  hills  with  gentle,  grass-covered  slopes,  leaving 
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broad  areas  of  level  meadows  or  bottom  land  between  them  and  dotted 
over  with  small  tracts  of  hard-wood  trees.  From  this  general  level 
the  transverse  ridges  as  a  rule  rise  gently,  although  they  are  some- 
times very  rough  and  rugged  and  are  almost  entirely  forested. 

The  area  drained  by  Holston  River  in  Virginia  is  entirely  within  the 
limits  of  Washington  and  Smyth  counties,  being  the  southeastern 
half  of  each  count3^  The  extreme  southern  and  southeastern  parts 
of  the  area  are  covered  by  the  northward  extension  of  the  great  Unaka 
chain  known  as  the  Iron  Mountains.  The  extreme  eastern  part  is 
covered  by  the  slopes  of  the  Blue  Ridge  and  its  outliers,  the  Pond  and 
the  Brushy  mountains.  On  the  north  it  is  closed  in  by  the  slopes  of 
Walker  Mountain,  a  long  ridge  which  separates  the  watersheds  of  the 
North  and  South  forks  of  the  stream.  The  general  characteristics  of 
these  mountain  areas  are  similar  to  those  previously  described  for  the 
Unaka  chain  in  Tennessee,  except  that  the  peaks  rise  to  less  heights 
and  are  completely  wooded.  The  geologic  structure  is,  however, 
different,  many  of  the  mountains  being  capped  with  sandstone,  the 
prevailing  rock  of  the  valley  floor  being  limestone.  The  valley  itself 
is  much  more  broken,  and  in  its  upper  part  contains  a  much  smaller 
portion  of  cleared  land  than  the  areas  farther  to  the  south,  the  natural 
consequence  of  the  changed  topography.  However,  the  strip  of  level 
land  bordering  the  South  Fork  on  the  south,  the  entire  area  between 
the  South  and  Middle  forks,  except  the  slopes  of  the  Pond  and  the 
Brushy  mountains,  and  the  area  to  the  north  of  the  Middle  Fork  as 
far  as  Walker  Mountain  are  well  situated  for  agricultural  and  stock- 
raising  purauits,  are  almost  entirely  cleared,  and  are  in  a  high  state  of 
cultivation,  being  held  at  a  very  high  valuation. 

The  part  of  the  watershed  in  North  Carolina,  being  the  areas 
drained  b}'^  the  Watauga,  Nolichucky,  and  French  Broad  rivers,  is 
Included  in  the  counties  of  Watauga,  Yancey,  Mitchell,  Madison, 
Buncoml>e,  Henderson,  and  Ti*ansylvania,  and  is  described  at  length 
in  connection  with  the  drainage  basins  of  those  rivera.  The  last  four 
counties  comprise  the  watershed  of  the  French  Broad.  The  first  three 
counties — Watauga,  Yancey,  and  Mitchell — occupy  the  entire  width 
of  the  transmontane  plateau  lying  between  the  western  slopes  of  the 
Blue  Ridge  and  the  Unakas,  and  their  surface  is  a  bewildering  con- 
fusion of  mountain  chains  and  spurs  extending  in  every  direction, 
without  order  or  plan,  and  inclosing  short  and  narrow  valleys  and 
inconsiderable  areas  of  cleared  land,  except  along  some  of  the  larger 
streams. 

One  of  the  distinguishing  characteristics  of  the  whole  basin  drained 
by  Holston  River  is  the  occurrence  of  small  closed  basins  or  sinks, 
which  are  found  in  great  numbers  on  the  low  divides  between  the 
various  tributary  wateraheds.  They  are  so  numerous,  in  fact,  that  in 
many  localities  it  seems  impossible  that  any  of  the  rainfall  over  areas 
of  a  square  mile  or  more  can  find  its  way  into  the  streams.    Certainly 
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there  are  no  channels  visible,  and  in  many  cases  water  was  seen  stand- 
ing in  pools  from  50  to  100  feet  in  diameter,  indicating  that  there 
is  no  subterranean  passage  through  which  the  water  finds  its  way  to 
the  streams.  Other  sinks  are  dry,  except  after  heavy  rains.  In  some 
instances  the  farmers  have  rendered  the  bottoms  of  these  natural 
basins  impervious,  and  the  collected  water  is  used  for  cattle. 

Springs  are  numerous  over  all  the  basin,  ranging  in  size  from  a  dis- 
charge of  several  cubic  feet  per  second  to  less  than  a  gallon  per  min- 
ute! Many  of  the  smaller  streams  seem  to  be  fed  entirely  from  this 
source.  In  this  connection  may  be  noted  the  fact  that  a  number  of 
streams  which  at  some  point  in  their  course  sink  below  the  surface  of 
the  ground,  pifter  flowing  there  for  distances  varying  from  a  few 
yards  to  a  half  mile  or  more  reappear  on  the  surface.  Some  streams 
were  noted  which  while  discharging  no  water  into  the  main  stream 
carried  a  considerable  quantity  a  short  distance  above  their  mouths, 
the  water  sinking  gradually  into  the  earth  as  the  river  was  approached. 
It  is  said  that  the  Middle  Fork  loses  a  quantity  of  water  in  this  way, 
and  from  the  character  of  the  country  rock  this  seems  by  no  means 
improbable. 

RAINFALL. 

Little  definite  information  can  be  given  regarding  the  annual  rain- 
fall in  this  basin,  but  it  is  well  known  that  throughout  the  region 
there  is  no  lack  of  moisture,  showers  frequently  falling  on  the  moun- 
tains when  there  is  not  a  cloud  over  the  valley.  The  rainfall  in  the 
valley  to  the  west  is  between  40  and  46  inches  per  annum,  and  that 
on  the  mountains  is  certainly  greater.  Thix)ughout  all  the  area  cov- 
ered by  the  investigation  there  is  a  lack  of  records  wliereby  the  rain- 
fall can  be  even  approximately  determined,  most  of  the  records  obtain- 
able being  very  fragmentary.  Those  at  Knoxville  best  ]*epresent  the 
average  condition  prevailing  over  the  valley,  though  the  Chattanooga 
records  may  be  of  sei-vice  in  determining  the  average  rainfall.  The 
maximum  precipitation  recorded  at  Knoxville  is  73.8  inches  per 
annum,  which  is  146  per  cent  of  the  mean,  and  up  to  1896  the  mini- 
mum was  37.4  inches,  or  74  per  cent  of  the  mean.  At  Chattanooga 
the  maximum  is  68.1  Inches  per  annum,  or  126  per  cent  of  the  mean, 
and  the  minimum  is  37.2  inches,  or  69  per  cent  of  the  mean.  It  may 
be  stated  that  the  variation  between  the  maximum  and  minimum 
rainfall  is  at  least  as  great  as  this  throughout  the  region,  the  precipi- 
tation in  dry  years  being  somewhat  less  than  50  per  cent  of  the  mean. 

Droughts  are  rare  and  as  a  rule  of  short  duration.  The  most 
notable  one  occurred  in  the  summer  and  autumn  of  1900,  when 
throughout  the  entire  country,  both  in  the  valleys  and  on  the  moun- 
tains, the  drought  was  very  severe  and  long  continued,  producing 
the  lowest  known  stage  of  flow  in  all  of  the  streams.  During  the 
winter  the  higher  summits  are  almost  entirely  covered  with  snow 
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AGRICULTURE. 

As  might  be  expecUnl  from  the  comparatively  scanty  population 
and  the  inadequate^  transportation  facilities,  agriculture  and  stock 
raising  are  the  principal  pursuits.  In  the  valley  of  Holston  River, 
Inhere  the  country  is  comparatively  level,  there  are  many  fine  farms, 
which  are  held  at  a  high  valuation,  and  the  community  seems 
extremely  prosperous.  Although  the  areas  drained  by  the  Watauga 
and  the  Nolichucky  are  rough  and  mountainous,  yet  the  lower  slopes 
afford  a  fine  cattle  range,  and  the  valleys  are  sufficiently  extensive  to 
produce  the  necessities  of  life  for  the  inhabitants. 

MINERALS. 

The  mining  possibilities  are  very  large,  although  little  has  been 
done  to  develop  this  source  of  wealth.  In  the  localities  where  mines 
have  been  oi)ened  the  work  seems  to  have  been  carried  on  in  a  very 
spasmodic  way.  Iron  ore  of  great  purity  is  found  in  abundance  in 
many  places,  and  has  been  mined  to  a  considerable  extent  at  some 
localities,  the  ore  being  reduced  at  the  furnaces  at  Bristol,  Johnson 
City,  Embreville,  and  Cranberry  within  the  basin,  or  shipped  to 
Pnlaski  and  near-by  points  outside  of  it.  Copper,  lead,  zinc,  fluor- 
spar, gypsum,  gold,  salt,  barytes,  mica,  corundum,  and  gem  stones 
all  occur  in  quantity,  and  some  have  been  mined  at  large  profit. 

LUMBER. 

The  lumber  interests  also  are  of  great  importance,  the  area  con- 
taining many  large  tracts  of  fine  timber,  from  which  several  large 
sawmills  draw  their  supplies,  while  small  portable  mills  are  found 
over  all  the  area.  A  large  amount  of  tan  bark  is  stripped  near  the 
railroads,  the  stocks  being  sometimes  worked  into  cord  wood,  but 
more  often  allowed  to  rot  where  they  fall. 

TRANSPORTATION. 

The  transportation  facilities  over  the  greater  part  of  the  area  are 
pitifully  inadequate.  The  Norfolk  and  Western  Railroad  skirts  the 
northern  edge  of  the  basin  of  Holston  River  proper,  the  Knoxville 
branch  of  the  Southern  Railway  follows  along  the  French  Broad,  there 
is  a  narrow-gage  road  from  Johnson  City  to  Cranberry,  a  small  stand- 
ard-gage road  has  been  constructed  from  Bristol  to  Butler  and  is  now 
being  extended  up  the  valley  of  Roan  Creek  toward  Mountain  City, 
while  another  road  is  being  built  from  Abingdon  to  Damascus,  from 
which  place  it  will  extend  up  Beaverdam  Creek  and  into  the  Shad}^ 
Valley,  and  the  Ohio  River  and  Charleston  Railroad  has  recently  been 
extended  along  the  Nolichucky  as  far  as  the  mouth  of  Caney  River. 
In  by  far  the  greater  part  of  the  area,  however,  the  only  means  of 
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transportation  is  by  wagons  drawn  over  the  mountain  roads,  which 
are  generally  very  rough  and  steep. 

I 

SOUTH  PORK  OF  HOLSTON  RIVER. 
PHYSICAL  FEATURES. 

The  South  Fork  of  Holston  River  rises  on  the  western  slopes  of 
the  Blue  Ridge,  in  Smyth  County,  Va.,  between  the  slopes  of  the 
Brushy  Mountains  on  the  north  and  the  Iron  Mountains  on  the  south. 
It  is  formed  by  the  junction,  in  a  broad  stretch  of  valley  land,  of 
Slemp  and  Crossy  creeks,  and  flowing  in  a  general  southwesterly  direc- 
tion is  joined  by  the  Middle  Fork  about  6  miles  southeast  of  Abing- 
don, Va.  The  stream  below  this  junction  and  until  the  junction 
with  the  North  Fork  is  still  known  as  the  South  Fork.  Below  the 
latter  junction  it  is  known  as  Holston  River. 

The  headwaters  of  the  South  Fork  are  at  an  altitude  of  about  2,800 
feet,  those  of  the  Middle  Fork  at  an  altitude  of  about  2,900  feet,  the 
elevation  at  the  junction  being  about  1,800  feet.  The  altitude  at  the 
junction  of  Slemp  and  Cressy  creeks  is  about  2,575  feet.  The  dis- 
tance between  the  latter  junction  and  the  junction  with  the  Middle 
Fork  is  about  29  miles  in  a  straight  line,  and  the  average  slope  of  the 
country  about  27  feet  to  the  mile.  Following  the  course  of  the  river, 
however,  this  distance  is  about  36  miles,  and  the  average  fall  between 
21  and  22  feet  to  the  mile. 

Although  the  basin  is,  broadly  speaking,  a  plateau,  it  is  not  to  be 
inferred  that  it  has  not  some  very  sharply  marked  mountain  ridges. 
The  axes  of  these  ridges  extend  in  a  northeast-southwest  direction, 
approximately  parallel  to  the  course  of  the  principal  streams,  and  the 
buttressing  spurs  of  the  Iron  and  the  Stone  mountains  serrate  the 
southern  edge  with  a  series  of  high  and  jagged  ridges.  Away  from 
these,  however,  the  country  is  composed  of  a  series  of  low,  broad 
swells  and  wide,  flat  valleys,  all  of  the  slopes  being  gentle  and  covered 
with  grass  not  unlike  the  famous  blue  grass  of  Kentucky.  The  soil 
seems  very  fertile,  and  good  crops  of  corn,  wheat,  oats,  and  hay  are 
produced. 

For  convenience  in  describing  this  large  area,  the  country  has  been 
divided  as  follows:  (1)  Area  drained  by  the  South  Fork  below  junc- 
tion with  the  Middle  Fork;  (2)  area  drained  bj'  the  South  Fork  above 
junction  with  the  Middle  Fork;  and  (3)  area  between  the  South  and 
Middle  forks.  The  area  drained  by  the  Middle  Fork  is  described 
on  pages  69  to  77. 

AREA  DRAINED  BY  THE  SOUTH  PORK  BELOW  THE  JUNCTION  WITH  THE  MIDDLE 

FORK. 

This  area  lies  entirely  within  the  eastern  half  of  Sullivan  County, 
Tenn.,  and  to  the  north  and  east  of  Bluff  Cityi  the  western  limit  of 
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the  investigation.  Throughout  the  basin  occur  many  small  closed 
basins  or  sinks,  ranging  in  size  from  perhaps  50  feet  in  diameter  to 
areas  covering  several  acres.  In  many  of  them  water  was  seen  stand- 
ing to  a  depth  of  several  feet.  Others  bore  traces  of  having  recently 
contained  water,  while  others  were  well  drained.  These  basins  are 
not  indicated  on  any  map  of  the  area,  and  computations  of  run-off  will 
be  much  complicated  by  them,  as  the  amount  of  water  kept  back  from 
the  streams  is  a  totally  unknown  quantity.  The  country  rock  is  a 
limestone,  much  jointed  and  laminated  in  places,  very  massive  in 
others,  and  these  sinks  are  characteristic  of  that  formation.  Ledges 
of  slate  are  numerous.  The  limestone  is  gray  to  black  in  color,  and 
strikes  to  the  northeast,  the  dip  being  frequently  as  great  as  85  degrees. 
It  is  of  very  good  quality,  being  suitable  for  quarrying  into  building 
stone,  and  a  considerable  quantity  is  used  locally,  none,  however, 
being  quarried  for  shipment,  so  far  as  could  be  learned.  Perhaps  the 
the  most  important  use  to  which  this  stone  is  put  is  for  flux  at  the 
various  blast  furnaces.  Small  amounts  are  also  burned  into  lime, 
which  is  used  in  the  local  building  operations  or  is  applied  to  the  land. 
A  small  quantity  is  also  used  as  a  road  material,  but  this  quantity  is 
very  small  indeed,  for  little  attention  is  paid  to  the  roads,  which  as  a 
rule  are  poorly  graded  and  ill  kept.  The  soil  is  in  places  a  red  clay 
impervious  to  water,  but  seems  for  the  most  part  to  be  a  gray,  yellow, 
or  brownish  loam,  and  is  very  fertile. 

The  country  on  the  south  side  of  the  river  near  Bluff  City  is  pre- 
eminently suited  to  agriculture  and  to  stock  raising,  being  made  up 
of  a  series  of  very  low  and  broad  ridges  and  small  swells  or  hills  rising 
from  25  to  30  feet  above  the  level  of  the  valleys  between,  all  forming 
the  surface  of  a  plateau  elevated  200  feet  or  more  above  the  river 
level-  The  hillside  slopes  are  gentle,  ranging  from  5  to  10  degrees, 
and  there  are  large  areas  of  level  land.  The  general  impression  of 
the  country  when  viewed  from  a  distance  is  that  of  a  plain,  but  at 
closer  range  it  is  seen  to  be  v'ery  gently  rolling.  By  far  the  greater 
portion  (about  80  per  cent)  of  the  land  is  cleared  and  either  culti- 
vated in  corn  or  wheat  or  sodded  in  grass,  the  areas  of  each  being 
about  equal.  The  forest  growth  occurs  in  small  and  segregated  areas, 
too  small  to  have  much  effect  on  the  run-off  from  the  surface.  The 
character  of  the  growth  varies,  being  in  some  parts  almost  exclu- 
sively pine,  while  in  others  and  over  the  larger  part  of  the  area  oak 
and  chestnut  are  the  predominant  trees.  Many  other  varieties,  how- 
ever, are  found  in  abundance,  and  occasionally  the  finer  cabinet 
woods,  such  as  walnut,  curly  maple,  and  curly  birch.  As  the  main 
stream  is  approached  the  country  becomes  much  rougher,  the  small 
stream  valleys  being  more  deeply  carved  and  the  hillside  slopes 
steeper.  The  descent  from  the  broad  upland  plateau  to  the  river 
plain  several  hundred  feet  below  is  very  steep. 

Ascending  the  river  the  uplands  for  several  miles  above  Bluff  City 
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are  similar  to  those  described,  except  that  possibly  the  proportion 
of  cleared  land  is  slightly  less;  but  it  is  estimated  to  be  about  75  per 
cent  of  the  area,  and  at  least  half  of  it  is  in  grass.  Tliroughout  this 
part  of  its  course  the  river  runs  in  a  channel  carved  through  the  soft 
limestone  country  rock  and  into  the  harder  and  more  resistant  slates, 
producing  a  verj'^  rough  bed,  the  slate  being  much  jointed  and  lami- 
nated and  projecting  in  jagged  ridges  across  the  course  of  the  stream; 
but  the  fall  seems  well  distributed,  there  being  little  noticeable  con- 
centration at  any  point. 

Going  up  the  river  the  portion  of  cleared  land  seems  to  gradually 
decrease,  until  near  the  mouth  of  Weaver  Creek  it  has  diminished  to 
one-half  or  less.  This  is  a  consequence  of  the  greatly  changed  topog- 
raphy, the  plateau  character  of  the  uplands  having  been  largely  lost, 
sharp  and  rugged  forest-covered  hills  having  taken  the  place  of  the 
small,  round,  grassy  knolls  and  wide,  level  bottoms  seen  farther  down 
the  stream.  Near  the  mouth  of  Weaver  Creek  the  mountains  close  in 
on  the  river,  and  from  that  point  to  and  above  the  mouth  of  Morrills 
Creek  all  of  the  basin  lying  to  the  south  of  the  stream  is  ver}'  rough. 
There  is  no  arable  land  along  the  river,  and  the  hills  are  wooded  to 
the  top. 

On  the  south  side  of  the  stream  the  country  draining  into  the  river 
below  the  junction  with  the  Middle  Fork  is  composed  of  the  basins  of 
Jacobs  Creek  and  Denton  Valley  Creek.  Near  the  river  the  coun- 
try is  more  gently  rolling  than  farther  downstream,  and  as  a  conse- 
quence is  more  largely  cleared,  but  of  the  whole  area  drained  by 
Jacobs  Creek  probabl^'^  only  about  10  per  cent  is  cleare<l,  most  of  it 
near  the  mouth.  A  short  distance  up  the  stream  the  country  becomes 
broken  and  rough  and  is  largely  in  woodland.  For  about  3  miles 
above  the  mouth  of  Denton  Valley  Creek  a  considerable  portion — 
possibly  one-third — of  the  land  is  cleared,  being  largely  devoted  to 
grazing.  The  hillside  slopes  vary  from  15  to  30  degrees.  These 
slopes  show  a  great  deal  of  exposed  limestone.  Above  this  3-mile 
stretch  the  country  rapidly  becomes  very  rough  and  rugged  and  is 
totally  forested. 

On  the  north  side  of  the  stream  the  topography  differs  slightly  from 
that  on  the  south  side,  consisting  entirely  of  small  hills  and  rounded 
swells,  with  a  larger  proportion  of  cleared  land,  ranging  from  about 
two-thirds  over  the  lower  part  of  the  basin  to  three-fourths  or  more 
near  the  Virginia  line  and  around  Bristol,  while  over  some  of  the  small 
drainage  basins,  such  as  that  of  Sinking  Creek,  more  properly  known 
as  Beidelmaus  Creek,  from  85  to  90  per  cent  of  the  land  is  cleared  and 
under  cultivation  or  in  grass  or  pasture.  The  same  is  true  of  the 
area  drained  by  Thomas  Creek  and  of  the  area  known  as  the  Holston 
Valley,  the  country  being  almost  level  and  almost  entirely  grass  cov- 
ered, the  soil  being  for  the  most  part  gray  and  porous,  though  some 
areas  of  red  clay  were  seen.     On  the  north  side  of  the  river,  near 
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Bluff  City,  zinc  is  foand  in  paying  qiiantition  and  mines  are  now  being 
opened.  There  are  numerous  deposits  of  iron  ore  throughout  the 
area,  and  the  same  is  said  to  be  true  of  all  the  counties  bordering  the 
(Jnaka  Mountains.  Over  the  valleys  of  Spring  Creek  (the  first  tribu- 
tary entering  from  Virginia),  Wolf  Creek,  and  Fifteenmile  Creek 
the  general  character  of  the  country  is  the  same  as  that  just  described, 
probably  more  than  75  per  cent  of  the  area  being  cleared,  the  soil 
seeming  to  be  porous  and  very  fertile.  Hay  and  wheat  are  the  chief 
agricultural  products,  and  as  elsewhere  in  the  region  a  great  many 
cattle  are  raised.  Wherever  timber  occurs  it  is  hard  wood,  pine  being 
very  scarce.  Near  Ruthton  the  proportion  of  forest  land  is  greater 
than  in  any  part  of  this  area,  and  much  timber  is  being  cut,  forming 
a  profitable  industry.  Lumbering  becomes  more  and  more  a  source 
of  revenue  as  the  river  is  ascended. 

AREA  DRAINED  BY  THE  SOUTH  FORK   ABOVE    JUNCTION   WITH  THE  MIDDLE  FORK. 

This  part  of  the  drainage  basin  lies  almost  entirely  on  the  south 
side  of  the  stream — the  ai*ea  between  the  forks  being  too  small  for 
the  formation  of  streams  of  appreciable  size — and  includes  large 
areas  of  very  mountainous  country  which  is  densely  wooded.  From 
the  junction  with  the  Middle  Fork  to  the  mouth  of  the  Laurel  Fork 
the  basin  is  narrow,  being  shut  in  by  the  northward  extension  of  the 
Ilolston  Mountains,  and  excepting  the  land  immediat<ely  bordering 
the  stream  the  country  is  rough  and  rugged,  with  steep  slopes  densely 
forested,  the  valleys  being  extremely  narrow  and  containing  little  if 
any  cleared  land,  the  land  that  is  cleared  being  confined,  so  far  as 
could  be  ascertained,  to  the  narrow  strip  bordering  the  river,  and 
therefore  constituting  a  very  small  part  of  the  whole. 

Above  the  mouth  of  the  Laurel  Fork  the  mountains  recede  some- 
what from  the  stream,  the  strip  of  arable  land  becomes  wider,  and 
cleared  areas  are  to  be  found  in  the  basins  of  some  of  the  tributaries, 
as  on  Rosenbauins  Creek,  where  the  proportion  of  cleared  land  is 
between  two-thirds  and  three-fourths,  while  of  the  whole  ai'ea  lying 
between  the  river  and  the  road  from  Damascus  to  Holstein  Mills 
about  one-third  is  cleared.  The  area  to  the  south  of  the  road  is 
entirely  in  forest,  and  the  slopes  are  steep  and  rocky,  the  country 
rock  being  still  a  limestone  formation. 

Many  sawmills  are  located  near  the  headwaters  of  some  of  the  small 
tributaries,  and  are  engaged  in  cutting  the  hard-wood  timber.  There 
are  also  one  or  two  mills  along  the  stream,  but  they  are  cutting  only 
a  few  hundred  feet  each  day. 

Widner  Creek,  Rush  Creek,  Poge  Creek,  Mill  Creek,  Grose  Creek, 
and  St.  Clair  Creek,  all  tributaries  from  the  south,  are  small  streams 
draining  narrow  and  confined  valleys  and  rough,  mountainous,  and 
forest-covered  slopes,  the  small  proportion  of  cleared  land  in  the  basin 
of  each  being  confined  to  the  narrow  strip  next  to  the  stream,  the 
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country  being  rather  inaccessible,  as  roads  are  few.  There  is  much 
timber,  but  owing  to  the  roughness  and  steepness  of  the  mountain 
slopes  it  is  exceedingly  difficult  to  lumber  it,  so  that  up  to  the  present 
time  very  little  has  been  cut. 

There  is  one  notable  exception  to  the  general  character  of  the 
country  along  the  river,  viz,  the  area  known  locally  as  the  St.  Clair 
Bottoms,  situated  on  both  sides  of  the  South  Fork  between  Holstein 
Mills  and  the  Washington  County  line,  extending  back  1  or  2  miles  on 
each  side  of  the  stream  and  embracing  a  large  area  of  very  beautiful 
grazing  land,  a  small  part  only  being  cultivated  in  com  and  wheat. 
These  bottoms  are  broad,  and  from  them  the  uplands  rise  very  gently, 
the  area  being  practically  all  cleared.  The  country  rock  is  a  lime- 
stone, a  small  quantity  of  which  is  burned  for  building  puiposes  and 
to  apply  to  the  land. 

Above  Holstein  Mills  the  mountains  close  in  again  and  as  a  conse- 
quence the  area  is  more  broken  and  rough.  Very  little  cleared  land 
is  to  l)e  seen  either  along  the  river  or  away  from  it  until  the  head  of 
the  stream  is  reached,  when  the  mountains  again  recede,  leaving  the 
broad  and  fertile  area  known  as  the  Rye  Valley,  which  extends  from 
a  little  below  Dickey  Creek  to  and  above  the  junction  of  Slemp  aud 
Cressy  cre'eks,  and  is  rimmed  about>  by  high  and  steep  mountain  slopes. 
This  valley  is  very  broad  and  gently  rolling,  and  is  almost  all  cleared 
and  in  grass.  Dickey,  Slemp,  and  Cressy  creeks  are  small  streams 
draining  narrow  valleys  and  areas  of  steep  mountain  slopes  where  the 
proportion  of  cleared  land  is  small  above  the  limits  of  the  broad  valley 
just  described. 

AREA  BETWEEN  THE  SOUTH  AND  MIDDLE  FORKS. 

This  area  is  a  long  and  narrow  strip,  5  or  6  miles  in  width  at  the 
widest  part  and  about  29  miles  long,  measured  from  the  heiidiS^aters  of 
the  two  streams  to  the  point  of  junction,  and  slopes  from  the  ci-est  of 
the  Blue  Ridge  toward  the  southwest,  the  area  being  about  equally 
divided  between  the  drainage  systems  of  the  two  forks. 

From  the  junction  of  the  streams  to  the  slopes  of  the  Pond  Mountains 
the  country  is  level  or  gently  rolling,  the  hillside  slopes  being  slight. 
The  soil  is  largely  a  red  clay  quite  impervious  to  water,  though  there 
are  large  areas  of  a  light-yellow  porous  soil.  The  cleared  land  forms 
about  three-fourths  of  the  area  and  the  wooded  portions  are  too  small 
and  as  a  rule  too  widely  separated  to  have  much  effect  on  the  run-off. 

South  of  Marion  the  large  sandstone  areas  represented  by  the  Pond 
and  the  Brushy  mountains  are  all  wooded  and  quite  st^eep.  Even 
where  the  timber  has  been  cut  away  the  smaller  trees  and  underbrush 
have  grown  rapidly  and  cover  the  ground  with  a  dense  shade.  Some 
of  the  slopes,  however,  are  composed  largely  of  a  species  of  talus, 
small  angular  fragments  of  the  stone  comprising  the  mass  of  the 
uplift,  covering  them  in  places  to  a  depth  of  several  feet,  where  the 
growth  is  sparse,  consisting  of  small  bushes  and  straggling  trees. 
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RAINFALL. 

The  annual  rainfall  over  the  basin  of  the  South  Fork  is  comparar 
tively  large,  averaging  probably  between  40  and  41  inches  per  annum, 
diminishing  somewhat  as  the  stream  is  ascended.  Over  all  the  basin 
the  summer  rainfall  seems  greater  than  that  of  any  other  season,  heavy 
rain  storms  being  of  frequent  occurrence,  causing  lai*ge  and  rapid  rises 
in  all  of  the  streams.  Severe  droughts  are  relatively  infrequent  and 
are  soon  broken.  The  drought  of  the  summer  and  fall  of  1900  was 
said  to  be  the  most  severe  in  the  history  of  the  region,  and  it  is  thought 
that  the  low-water  gagings  made  at  that  time  represent  the  minimum 
discharges  of  the  streams. 

FORESTS. 

The  forest  growth  of  the  basin  is  mostly  oak,  chestnut,  and  pine, 
w^ith  some  spruce,  walnut,  maple,  hickory,  l)eech,  birch,  dogwood, 
cherry,  ash,  locust,  and  poplar,  and  still  smaller  quantities  of  other 
vFOods.  There  are  important  lumbering  industries,  notably  those  near 
Bristol,  although  throughout  the  area  numerous  mills,  large  and  small, 
are  working  up  the  raw  material.  In  many  places  large  quantities  of 
tan  bark  are  stripped,  much  of  it  going  to  the  great  tanneries  at  Bris- 
tol. The  chief  industry  of  the  region,  however,  is  cattle  raising,  large 
numbers  of  which  are  shipped  annually  from  this  section. 

MINERALS. 

Iron  ore  is  found  at  a  great  matiy  points  within  the  basin,  and  is 
being  mined  at  some  localities,  although  from  some  cause  the  business 
seems  to  be  languishing,  most  of  the  furnaces  being  out  of  blast. 
Zinc  is  found  near  Bluff  City,  Tenn.,  and  gold,  barytes,  and  fluorapar 
are  found  in  small  quantities  at  various  places.  There  are  large 
deposits  of  gypsum  in  the  valley  of  Walker  Creek;  sandstone,  granite, 
and  dolomite  occur  in  small  areas;  and  limestone  of  excellent  quality 
is  found  in  abundance  everywhere.  Near  Marion,  Va.,  the  limestone 
is  quarried  in  considerable  quantities  and  is  shipped  to  the  alkali 
works  at  Saltville,  Va.,  where  there  are  extensive  saline  deposits. 

TRANSPORTATION. 

The  basin  is  traversed  by  the  lines  of  the  Southern  Railway  as  far 
as  Bristol.  The  Norfolk  and  Western  Railroad  extends  from  that 
point  the  whole  length  of  the  basin,  and  the  Bristol  and  Elizabethton, 
the  East  Tennessee  and  Western  North  Carolina,  the  Holston  Valley, 
and  the  Ohio  River  and  Charleston  Railroad  afford  comparatively 
good  communication  with  the  greater  part  of  the  area. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  many  measurements  were  made  of  the 
river  and  its  tributaries,  and  one  gaging  station  was  established  in 
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the  basin,  viz,  at  Bluff  City,  Tenn.  The  miscellaneous  measurements 
made  on  the  South  Fork  and  also  those  made  at  the  gaging  station  are 
given  in  the  following  table.  The  measurements  made  on  the  tribu- 
taries are  given  in  the  table  on  page  53. 

Discharge  measurements  of  South  Fork  of  Holston  River, 


D»te. 


1900. 
July  17 

Aug.  16 
Sept.  25 
Not.  8 
Dec.  27 
Jnly  23 
Oct.  8 
July  2B 
Oct.  3 
July  28 
Oct.  3 
July  27 
Oct.     1 


Locality. 


Hy^rocrapher. 


Bluff  City,  Tenn B.  W.  Myen  and  L.  V. 

I     Branch. 

do 1 do 

do I do 

do '. I do 

do do 

Below  month  of  Middle  Fork.Va '  L.  V.  Branch 

do I  E.W.  Myers 

Below  mouth  of  Laurel  Fork.Va    i do 

do • do 

Above  mouth  of  Laurel  Fork.Va , do 

do I do 

Rye  Valley,  Va do 

do ! do 


Gase 

Lei«tt. 


h»ig. 


Feet 
0.25 

0.25 
1.15 
0.90 
0.00 
8.06 
3.21 
00 
39 
51 


2. 
3. 
1. 


6.06 


Dis- 


Sec'/t 


191 

esi 


i« 
101 

at 

5 


Note.— At  regular  statiouH  of  the  Qeological  Survey  gagen  are  iustalled  by  which  the  riae  ct 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  diacharge 
of  the  stream.  Thin  is  true  of  the  measurements  in  the  above  table  which  were  made  at  Bluff 
City,  Tenn.  In  making  the  other  measurements  given  In  the  table,  however,  bench  marks  were 
established  and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the 
bench  mark  to  the  surface  of  the  water.  In  those  cases,  therefore,  an  increase  In  the  gage 
height  means  a  lowering  of  the  water  surface  and  a  corresponding  decrease  in  the  discharge 
of  the  stream. 

WATER  POWERS. 

A  water  power  of  considerable  magnitude  can  be  developed  at  Bluff 
City,  Tenn.,  where  the  total  available  fall  is  between  15  and  20  feet. 
The  only  use  of  the  power  at  present  is  by  the  Bluff  City  mill,  a  flour- 
ing mill  having  a  capacity  of  50  barrels  per  twenty-four  hours,  using 
a  fall  of  from  5i  to  G  feet,  which  with  one  35-inch  Victor  turbine 
develops  about  30  horsepower.  Formerly  there  was  a  small  cotton 
mill  located  hero  which  used  about  7  feet  of  the  fall,  but  that  is  no 
longer  in  opiu*atioii.  A  development  of  power  could  easily  be  made 
at  this  place,  the  riv^er  being  narrow,  with  high  bluffs  on  each  side. 
The  railroad  facilities  also  are  good. 

Above  the  pond  of  the  Bluff  City  mill  the  stream  is  comparatively 
placid  until  just  1k?Iow  the  mouth  of  Dry  Creek,  where  there  is  a  shoal 
having  a  fall  of  about  8  feet  in  200  yards.  The  bed  of  the  river  is 
very  rough,  being  crossed  by  several  ledges  of  rock  and  containing 
many  loose  bowlders.  The  banks  are  rather  low,  being  only  about 
10  feet  above  low  water. 

McClellan's  mill,  the  first  mill  on  the  river  above  Bluff  City,  is  on  the 
north  bank  of  the  stream  about  50  yards  above  the  mouth  of  Weaver 
Creek.  It  is  a  small  combined  sawmill,  gristmill,  and  cabinet  shop, 
using  a  small  amount  of  power,  which  is  obtained  from  an  undershot 
wheel  and  a  homemade  tub  wheel,  both  using  a  head  of  about  4  feet, 
practically  all  that  is  available.  It  is  said  that  curly  maple  and  curly 
birch  are  to  be  found  here  in  considerable  quantities,  and  that  other 
fine  cabinet  woods  abound. 
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There  is  one  small  shoal  in  the  river  between  McClellan's  mill  and 
the  mouth  of  Beidelmans  Creek,  but  the  fall  is  slight  and  the  locality 
of  no  practical  importance.  At  the  time  this  stream  was  first  visited, 
in  the  latter  part  of  July,  1900,  almost  all  of  the  small  tributaries  in 
this  part  of  its  course  were  practically  dry,  the  largest  carrying  less 
than  0.5  second-foot.  The  stream  itself  between  the  points  men- 
tioned consists  of  a  succession  of  still  pools,  seemingly  quite  deep, 
with  a  very  low  current  velocity  broken  by  short  shoals  where  the 
depth  of  the  water  ranges  from  a  few  inches  to  about  1  foot,  flowing 
over  and  among  water-worn  pebbles  from  3  to  6  inches  in  diameter, 
with  occasional  rock  ledges  crossing,  where  the  principal  falls  are 
found. 

For  some  distance  upstream  from  the  mouth  of  Thomas  Creek  the 
hills  on  the  north  side  rise  rather  steeply  from  the  river's  edge  to  a 
height  of  several  hundred  feet,  and  the  valley  on  the  south  side  is 
much  narrower  than  those  heretofore  described.  The  country  rock 
along  the  stream  is  a  much  jointed  and  laminated  gray  or  black  slate, 
striking  to  the  northeast  and  dipping  almost  vertically.  The  river 
flows  over  the  upturned  edges  of  this  slate,  making  a  very  rough  chan- 
nel, but  one  in  which  the  fall  is  well  distributed,  there  being  little 
noticeable  concentration  at  any  locality. 

About  200  yards  below  the  mouth  of  Riddle  Creek  there  is  a  small 
mill,  known  as  Rosenbaum's  mill,  which  diverts  a  few  second-feet  of 
water  from  the  river  by  means  of  a  low  and  loosely  piled  rock  wing 
dam,  a  fall  of  about  5  feet  being  obtained  through  a  race  150  yards 
long. 

About  1  mile  below  the  mouth  of  Fishdam  Creek  and  just  above 
the  mouth  of  a  small  unnamed  branch  there  is  a  fall  of  5  feet  in  300 
feet,  over  a  rough  and  rocky  bottom,  composed  of  angular  bowlders 
and  rock  ledges.  There  are  high  and  rocky  bluffs  on  the  north  side 
of  the  stream,  but  on  the  south  side  the  banks  rise  to  a  height  of 
about  10  feet,  and  then  a  broad  meadow^  slopes  gently  away.  The 
facilities  for  building  a  good  dam  and  a  race  at  this  point  are  excellent. 

Just  below  the  mouth  of  Fishdam  Creek  is  one  of  the  finest  mill 
sites  seen  on  the  river.  The  current  is  divided  by  a  small  island,  at 
the  head  of  which  a  low  loose- rock  wing  dam  has  been  built,  diverting 
a  small  part  of  the  current.  Another  dam  has  been  constructed  about 
30  yards  above  the  foot  of  the  island,  a  total  fall  of  9  feet  being  thus 
obtained,  which  is  used  by  a  small  sawmill  and  gristmill  requiring 
probably  about  2  horsepower,  which  is  developed  by  a  small  flutter 
wheel.  This  mill  is  said  to  have  a  capacity  of  600  feet  of  lumber  or  40 
bushels  of  corn  a  day.  Power  in  large  quantity  could  very  easily  be 
obtained  here,  and  although  at  present  the  locality  is  somewhat  inac- 
cessible, the  graded  way  for  the  Holston  Valley  Railroad  passes  the 
mill  and  the  track  construction  work  is  onlv  a  few  miles  distant. 

Fishdam  Creek  enters  the  river  at  the  elbow  of  a  great  bend  known 
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locally  as  the  Horseshoe  Bend.  If  the  river  be  followed  the  distance 
around  this  bend  is  about  2  miles,  but  the  distance  across  the  narrow 
point  of  the  neck  is  only  about  200  yards.  This  neck  is  low,  being  at 
its  highest  point  only  from  40  to  50  feet  above  river  level.  From 
water  to  water  acrpss  the  neck  there  is  a  fall  of  between  26  and  30 
feet,  as  determined  by  the  aneroid  barometer.  It  is  stated  that  this 
neck  has  been  leveled  over  and  the  difference  in  elevation  in  the 
water  surfaces  on  the  two  sides  determined  to  be  26  feet.  Should  it 
be  desired  to  develop  this  power,  a  tunnel  or  an  open  canal  could  be 
made  across  the  neck  and  all  or  a  part  of  the  flow  easily  be  turned 
through  it.  On  the  north  prong  of  the  bend  the  river  is  rather  wide, 
but  a  low  dam  could  easily  be  built,  and  there  are  large  areas  of  well- 
protected  bottom  land,  lying  well  above  high- water  mark,  which  would 
afford  ample  room  for  the  necessary  buildings.  The  country  rock 
here  is  a  much  laminated  and  jointed  slate,  not  suitable  for  building 
purposes. 

The  next  shoal  on  the  river  is  just  above  the  mouth  of  Sharp  Creek 
and  the  Shady  Ford.  The  river  here  is  full  of  islands  large  and 
small,  and  the  fall  is  heavy,  being  about  20  feet  in  a  distance  of  less 
than  a  half  mile.  The  water  could  easily  be  carried  along  the  south- 
east bank  and  used  where  desired  along  the  river;  or  by  a  short  exten- 
sion the  race  might  be  carried  around  a  small  hill  and  Sharp  Creek 
be  used  as  a  tailrace.  The  west  bank  is  high  and  rocky,  with  numer- 
ous bluffs,  and  large  quantities  of  stone  suitable  for  rough  building 
operations  could  be  obtained  from  it.  Plenty  of  timber  is  to  be  found 
in  the  immediate  vicinity. 

Some  distance  above  this  shoal  and  about  a  half  mile  below  the 
mouth  of  Jacobs  Creek  there  is  a  shoal  having  a  fall  of  6  feet  in  200 
feet,  with  a  broad  bottom  on  the  west  side  and  a  high,  rocky  bluff  on 
tlie  east  side.    This  power,  however,  is  not  considered  of  importance. 

From  this  point  to  the  junction  with  the  Middle  Fork  the  river 
could  not  be  closely  followed,  but  several  localities  yrith  falls  of 
between  6  and  7  feet  were  noted,  the  first  one  about  3  miles  below  the 
forks.  About  a  half  mile  above  this  fall  there  is  a  similar  shoal, 
about  1  mile  below  the  forks  there  is  another,  while  immediately  above 
the  forks  there  is  one  having  a  fall  of  about  8  feet  in  100  yards  which 
could  easily  be  developed,  as  the  banks  are  very  high  and  st-eep.  The 
l)e<l  of  the  river  is  in  solid  limestone  and  seemingly  is  very  rough,  but 
the  stone  in  the  bluffs  quarries  well,  and  a  considerable  quantity  has 
recently  been  taken  out  to  construct  the  piers  for  the  bridge  of  the 
new  railroad  from  Abingdon  to  the  Shady  Valley,  which  crosses  the 
river  at  this  point. 

About  a  mile  above  the  junction  with  the  Middle  Fork  is  Glenn's 
mill,  a  gristmill  using  about  24  horsepower,  which  is  developed  by  a 
24-inch  turbine  working  under  a  head  of  7  feet.  There  is  a  loose 
rock  wing  dam  which  turns  a  small  part  of  the  water  behind  an  island, 
at  the  lower  end  of  which  a  log  dam  7^  feet  high  has  been  built,  from 
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which  a  wooden  flume  100  feet  long  carries  the  water  to  the  mill. 
There  is  never  any  lack  of  water  at  this  point,  and  high  water  inter- 
feres with  the  operation  of  the  mill  not  more  than  four  or  five  days 
in  the  year  on  an  average. 

Above  this  point  there  is  no  noticeable  concentration  of  fall  on  the 
South  Fork  until  the  mouth  of  the  Laurel  Fork  is  reached,  the  fall, 
though  large,  being  well  distributed. 

About  a  mile  above  the  mouth  of  the  Laurel  Fork  is  the  Rambos 
mill,  a  small  gristmill  using  an  8-foot  fall  and  an  unknown  amount  of 
power,  sufficient,  however,  to  operate  thi'ee  sets  of  stones.  The  dam 
is  of  timber  frames  planked  over  and  is  about  3  feet  high  and  160  feet 
long.  It  turns  a  small  part  of  the  water  into  a  race  about  200  yards 
long.     The  mill  is  old  and  considerably  out  of  repair. 

From  this  point  up  to  about  3  miles  below  the  village  of  Friendship 
there  are  no  mills  on  the  South  Fork,  though  several  small  mill  sites 
were  heard  of  which  in  the  past  had  been  occupied  by  small  gristmills 
which  have  been  washed  away  by  the  floods  to  which  the  stream  is 
subject.  About  3  miles  below  Friendship  was  the  best  site  heard  of 
on  this  part  of  the  river  and  the  only  one  visited.  This  is  known  as 
the  Buchanan  site,  and  it  is  stated  that  there  was  formerly  a  very 
good  gristmill  here,  but  nearly  all  vestiges  of  it  have  disappeared. 
The  fall  used  was  about  12  feet,  though  a  much  greater  fall  could  be 
made  available  by  the  construction  of  a  suitable  dam,  which  could  be 
made  from  40  to  50  feet  high  without  flooding  any  valuable  land. 

A  short  distance  above  Friendship  is  VaiPs  mill,  a  combined  saw- 
mill, gristmill,  and  planing  mill,  using  78  horsepower,  which  is  devel- 
oped by  three  Success  turbines  of  24,  27,  and  30  inches  diameter, 
respectively,  all  working  under  a  head  of  12  feet.  The  miller  at  this 
mill  stated  that  he  had  measured  the  river  at  its  lowest  stage  and 
found  a  flow  of  8,000  cubic  feet  per  minute.  The  dam  is  of  timber 
frames  planked  on  the  upstream  side,  12  feet  high  and  144  feet  long, 
forming  a  iM)nd  500  yards  long.  The  sawmill  has  a  capacity  of  6,000 
feet  B.  M.  per  day,  and  the  gristmill  a  capaeit}'^  of  30  barrels.  The 
year  round  there  is  plenty  of  water  to  run  all  of  the  machinery  in 
this  mill  at  the  same  time.  It  is  estimated  that  with  a  head  of  12 
feet  the  river  at  this  point  has  a  flow  sufficient  to  develop  145  net 
horsepower,  and  that  from  this  point  to  the  mouth  of  the  Laurel  Fork 
100  horsepower  could  be  developed  every  halt  mile. 

About  4  miles  above  the  Vail  mill  is  Love's  mill,  located  just  below 
the  Smyth  County  line.  This  also  is  a  combined  sawmill,  gristmill, 
and  planing  mill,  and  is  said  to  use  30  horsepower,  developed  by  a» 
21-inch  Success  turbine  rated  at  20  horsepower  when  working  under 
a  head  of  9  feet,  and  three  wooden  tub  wheels  developing  a  total  of 
about  16  horsepower.  The  dam  is  of  timber  frames  planked  on  the 
upstream  face,  and  is  in  fair  condition.  It  is  9  feet  high  and  150  feet 
long.  It  back«  the  water  a  distance  of  three-fourths  of  a  mile,  there 
being  little  slope  in  the  river  above  the  dam  but  a  considerable  fall 
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just  below  it.  There  is  no  race,  a  wooden  flume  60  feet  long  carrying 
the  water  from  the  dam  to  the  wheels. 

The  next  mill  on  the  river  is  the  St.  Clair  roller  mill,  located  about 
2  miles  below  the  Holstein  mill,  at  Holstein  Mills,  in  the  area  known 
as  the  St.  Clair  Bottoms.  There  is  a  fall  of  about  10  feet  at  this 
place,  and  the  power  used  is  developed  by  one  20-inch  Success  tur- 
bine, rated  at  20  horsepower;  one  35-inch  Leffel  wheel.  Standard  jiat- 
tern,  rated  at  25  horsepower;  and  one  20-inch  Burnham  Brothers' 
wheel,  rated  at  20  horsepower;  making  a  total  of  65  horsepower  when 
all  of  the  machinery  at  the  mill  is  in  operation.  The  dam  is  a  timber 
crib  structure  planked  over  on  the  upstream  face,  7  feet  high  and  100 
feet  long,  backing  the  water  about  500  yards.  The  race  is  200  yards 
long  and  gives  a  fall  at  the  wheels  of  10  feet.  The  mill  is  rate<l  at  45 
barrels  per  day  and  has  a  capacity  of  between  200  and  300  feet  of 
lumber.  At  the  lowest  stages  of  flow  there  is  not  enough  watrcr  in  the 
river  in  this  part  of  its  course  to  operate  -all  of  the  machinery  in  the 
mill  at  the  same  time. 

The  next  mill  on  the  stream  is  the  Holstein  mill,  a  combined  saw- 
mill and  gristmill,  evidently  very  old  and  greatly  out  of  repair,  uBing 
a  fall  of  12  feet  and  an  unknown  amount  of  power.  This  site  is  a 
very  fine  one  for  a  small  plant.  The  dam  is  of  timber  frames  planked 
on  the  upstream  face,  and  is  very  leaky.  It  is  12  feet  high  and  nearly 
200  feet  long.  There  is  no  race,  a  short  wooden  flume  leading  the 
water  directly  to  the  wheels,  two  homemade  affairs  built  on  the  turbine 
principle  and  yielding  an  unknown  amount  of  power. 

About  100  yards  below  this  site  is  the  site  of  an  old  woolen  mill 
abandoned  about  ten  years  ago.  Here  there  was  a  9-foot  dam  about 
150  feet  long.  At  first  two  small  turbines  were  used,  but  these 
required  so  much  water  that  a  race  was  dug  from  the  dam  of  the 
upper  mill,  and  a  breast  wheel  14  feet  in  diameter  and  9  feet  face  was 
installed.  This  site  is  said  to  be  one  of  the  best  on  this  part  of  the 
stream,  suitable  for  any  kind  of  a  mill  but  particularly  adapted  for 
a  woolen  mill.  The  mill  property  includes  dwelling  houses,  school, 
and  church,  all  in  good  repair.  The  mill  building  has  been  torn 
down,  however,  and  any  power  development  would  have  to  be  made 
from  the  beginning.  The  valley  above  this  mill  is  more  hilly  and  is 
narrower  than  that  below,  which,  particularly  in  the  part  known  as 
the  St.  Clair  Bottoms,  is  very  broad,  being  4  miles  or  more  wide  and 
extending  back  in  a  gentle  rise  to  the  foot  of  the  mountains,  with 
practically  all  of  the  land  cleared. 

Above  this  there  are  no  mills  on  the  stream  until  the  Rye  Valley  is 
reached.  In  the  upper  part  of  that  valley  there  is  a  small  gristmill 
operating  one  pair  of  stones  by  a  large  overshot  wheel  and  using  a 
very  small  amount  of  power.  It  is  only  5  miles  from  this  mill  to  the 
head  of  the  stream,  and  above  it  the  river  is  too  small  to  furnish 
l)ower  in  appreciable  quantities,  althoutrh  throughout  tlie  upper  part 
of  the  stream,  from  the  St.  Clair  Bottoms  to  the  head  of  the  river,  the 
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fall  is  very  ^reat,  the  stream  being  almost  one  continuous  rapid.  As 
determined  bv  the  aneroid  barometer  the  fall  between  the  end  of  the 
big  tend  immediately  below  the  Rye  Valley  and  the  first  ford  below — 
a  distance  of  about  1  mile — is  20  feet;  between  that  point  and  the 
mouth  of  Pomer  Creek  it  is  30  feet;  between  Pomer  Creek  and  the 
river  surface  2  miles  above  HoLstein  Mills  it  is  140  feet;  and  between 
the  latter  place  and  the  ford  below  the  old  woolen  mill— a  dist^vnceof 
about  2i  miles — it  is  150  feet.  Through  the  St.  Clair  Bottoms  the  fall 
is  much  less,  but  it  is  still  large,  and  there  are  many  places  where 
falls  of  from  10  to  15  feet  could  be  utilized  by  the  construction  of 
dams  of  suitable  height. 

TRIBUTARIES    OF    SOUTH    FORK    OF    HOLSTON     RIVER    BELOW^ 

JUNCTION   WITH    THE   MIDDLE   FORK. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  drainage  basins  of  all  the  important 
tributaries  of  the  South  Fork  were  visited  and  measurements  were 
made  of  most  of  them.  The  results  of  the  measurements  on  the  tribu- 
taries below  the  junction  with  the  Middle  Fork  ai^e  given  in  the  fol- 
lowing table,  in  order  upstream: 

Discharge  measiirementa  of  tributaries  of  South  Fork  of  Holston  River  bdow 

Junction  with  the  Middle  Fork, 


Date. 


1900. 
Sept.  25 

July  20 

Jnly  29 
Sept.  25 

Jnly  20 
Sept.  25 
July  20 
8ept.i5 
July  ai 
Sept.:jrt 
July  21 
Sept.  26 
July  21 
Sept.  27 
July  21 
Sept.  27 
July  21 

July  23 
Sept.  27 
July  21 

Sept.  27 
July  23 

Sept.  27 


Stream. 

Hatcher  Creek . 

Sinking  Creek . . 

do 

do 

Tbomas  Creek. . . 
Riddle  Creek.... 

do....: 

Jonah  Creek 

do 

Pishdam  Creek. 

....  do 

Sharp  Creek 

do 

Jacobs  Creek 

do 

Spring  Creek 

do 

Wolf  Creek 


do 

.  ...do 

Denton  Valley 

Creek. 

do 

Fif  teenmlle 

Creek. 
do 


Locality. 


Hydrographer. 


Gage      Dis- 
heignt.  'charge. 


One-half  mile  above  mouth,  Ten- 
nessee. 

One- half  mile  above  Paperville, 
Tenn. 

At  mouth,  Tennessee 

do 

Below  railroad  bridge, Tennessee. 

At  mouth.  Tennessee 

do..... 


.do 
.do 

do 
.do 
-do 

do 
.do 
.do 


1  mile  above  mouth,  Virginia 

do 

Lower  ford  of  main  road  up  the 
river,  Virginia. 

do 

do 

At  month,  Virginia 


do 
do 

.do 


E.  W.  Myers  . 

L.V.  Branch. 

E.  W.  Myers  . 

do , 

do , 

do 

do 

L.V.  Branch. 
E.  W.  Myers . 

do 

L.V.  Branch. 
E.  W.  Myers 

do 

L.V.Branch 
E.  W.  Myers  . 
L.  V.  Branch 
E.  W.  Myers 
do 


Feet. 
6.92 

3.60 

4.92 
4.42 


12.19 

11.13 

11.06 

11.42 

5.25 

6.26 

5.36 

6.33 

9.10 


0.90 


L.  V.  Branch 
E.  W.  Myers 
L.  V.  Branch 

E.  W.  Myers 
L.V.  Branch 

E.  W.  Myers 


Sec. -ft. 
0.34 

3.48 

U.00 
9.09 
2.46 
2.(X) 
3.00 


4. 
4. 
5. 
2. 
1. 
1. 


00 

.00 

,86 

47 

16 

19 

2.07 

2.01) 

13.00 

10.00 

7.00 

7.00 

12.24 

6.00 

4.04 
7.37 

10.46 


Note.— In  making  the  measurements  recorded  in  the  above  table,  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse 
of  the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an 
increase  in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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On  the  followiug  pages  are  given  brief  descriptions  of  the  drainage 
basins  and  water  powers  of  the  principal  tributary  streams  in  this 
portion  of  the  basin  of  the  South  Fork,  in  order  upstream. 

INDIAN  CREBK. 

The  flrat  tributary  investigated  was  Indian  Creek,  which  enters  from 
the  south,  near  Bluff  City,  Tenn.,  and  has  a  total  length  of  about  7 
miles,  following  its  windings.  The  country  rock  observed  over  the 
basin  was  a  slate,  brownish-black  or  gray  in  color,  much  laminated 
and  broken,  striking  N.  70°  E.,  and  dipping  sharply  to  the  south,  from 
80  to  85  degrees  in  some  cases.  As  the  mouth  of  the  stream  was 
approached  ledges  of  limestone  made  their  appearance  on  the  tops  of 
the  hills. 

For  the  first  2  or  3  miles  above  the  mouth  the  topography  consists 
of  low,  rounded  hills  and  broad,  flattened  swells,  cleared  to  the  top 
for  the  most  part,  and  under  cultivation  in  grain  or  gra^^,  the  area 
being  about  equally  divided  between  those  products.  The  woodland 
in  this  part  of  the  basin  amounts  to  only  about  10  per  cent  of  the  area, 
but  as  the  stream  is  ascended  the  hills  are  higher  and  more  rugged, 
with  steeper  side  slopes,  and  the  proportion  of  cleared  land  is  much 
smaller,  being  not  more  than  one-third  in  the  upper  part  of  the  basin. 
Over  the  lower  part  of  the  area  the  woods  are  composed  almost 
entirely  of  hard- wood  trees,  but  near  the  headwaters  these  give  place 
to  pine. 

The  fall  of  the  stream  is  large,  being  between  450  and  500  feet,  aver- 
aging between  65  and  70  feet  to  the  mile.  Very  little  of  it  is  utilized, 
however,  but  there  are  three  small  mills,  each  using  from  10  to  12  feet 
and  operating  one  pair  of  stones  by  means  of  ovorahot  wheels. 
Although  these  three  mills  use  a  very  small  amount  of  power,  at  the 
time  the  stream  was  first  visited,  in  July,  1900,  it  was  carrying  too 
little  water  to  operate  them.  The  flow  at  the  mouth  was  estimated  to 
be  about  1  cubic  foot  per  second,  though  it  could  not  be  measured, 
owing  to  the  shape  of  the  channel.  The  hillside  slopes  vary  from  15 
degrees  near  the  mouth  to  50  or  60  degrees  near  the  head  of  the  stream. 

In  the  first  2  or  3  miles  above  the  mouth  of  the  creek  traces  of  three 
well-defined  stream  teri'aces  were  observed,  the  upper  one  l)eing  the 
uplands,  the  second  one  a  narrow  strip  of  level  land  l^ing  from  20  to 
25  feet  above  the  present  level  of  the  stream,  following  its  course  but 
from  100  to  150  yards  dist-ant  and  sloping  down  very  sharply  to  the 
level  of  the  present  bottom  lands,  which  constitute  the  third  member 
of  the  series.     The  descent  in  many  cases  is  almost  vertical. 

Between  the  mouth  of  Indian  Creek  and  the  Dry  Branch,  the  next 
tributary  upstream,  is  an  old  mill  known  as  Worley's  mill,  not  now 
in  operation,  which  was  run  by  water  from  a  big  spring  or  sunken 
creek.  At  the  time  this  stream  or  spring  was  visited  it  was  carrying 
a  quantity  of  water  too  small  to  operate  the  mill,  but  the  discharge 
was  estimated  to  l>e  approximately  2  second-feet. 
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DBY   CBBBK. 

Dry  Creek,  or  more  properly  the  Dry  Branch,  is  the  next  tributary 
above  Indian  Creek,  and  like  that  stream  it  enters  the  river  from  the 
south.  It  has  a  total  length  of  about  4  miles.  The  drainage  area, 
which  consists  almost  entirely  of  gentle  swells  and  small  grass-covered 
slopes  or  hills,  is  largely  cleared  land.  At  the  time  the  stream  was 
visited  it  was  estimated  to  \ye  carrying  about  0.25  second-foot,  the 
amount  being  too  small  to  measure. 

WBAVBB  CREEK. 

Weaver  Creek,  the  next  tributary  entering  from  the  south,  has  a 
total  length  of  between  5  and  6  miles.  The  part  of  the  drainage  basin 
lying  near  the  river  is  very  similar  to  the  basins  of  Indian  Creek  and 
the  Dry  Branch  just  described,  but  as  the  stream  is  ascended  the 
country  becomes  rapidly  more  steep  and  broken,  on  account  of  the 
rising  spurs  of  the  Holston  Mountains.  It  is  estimated  that  two- 
thirds  of  the  total  area  drained  by  this  creek  is  cleared  land,  the 
the  greater  part  of  it  l)eing  grass  covered.  The  discharge  was  esti- 
mated to  be  about  0.5  cubic  foot  per  second,  the  quantity  being  too 
small  to  admit  of  measurement  with  a  current  meter. 

HATCHER  CRBEK. 

The  next  tributary  is  Hatcher  Creek,  locally  known  as  Tow  String 
Creek.  At  the  time  of  the  first  visit,  in  July,  this  stream  was  dry, 
carrying  no  water  for  a  mile  or  more  above  its  mouth;  but  at  the 
time  of  the  second  visit,  September  25,  although  the  stream  discharged 
no  water  into  the  river  it  was  carrying  0.34  second-foot  about  a  half 
mile  above  its  mouth.  This  flow,  however,  sank  gradually  into  the  earth 
within  a  distance  of  about  100  yards.  The  discharge  was  gaged  just 
above  this  sink.  It  seems  probable  that  this  stream  would  begin  to 
discharge  water  into  the  river  when  carrying  a  small  quantity  more 
than  at  the  time  of  measurement.  Its  flood  discharge  is  about  4  feet, 
and  like  the  other  streams  in  the  region  it  rises  and  falls  rapidly. 

A  great  part  of  its  drainage  basin  is  in  forest,  and  the  character  of 
the  topography  is  much  bolder  than  that  of  the  areas  lying  farther  to 
the  west,  the  hills  rising  higher  and  the  slopes  being  much  steeper. 

MORRILLS  CREEK. 

• 

^  The  next  stream  entering  the  river  is  Morrills  Creek,  which  is  about 

6  miles  long  and  drains  a  larger  area  than  any  of  the  foregoing  tribu- 

I  taries.  Near  its  mouth  the  character  of  the  topography  is  similar  to 
that  of  the  other  basins  described,  but  as  the  stream  is  ascended  the 
country  l)ecomes  very  rough  and  broken  and  the  hillside  slopes  very 
rough,  rocky,  and  steep.     There  is  much  cleared  land  near  the  river, 
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but  no  far  as  could  be  ascertained  there  is  none  near  the  headwaters. 
Despite  its  large  drainage  basin,  the  amount  of  water  carried  by  this 
creek  at  its  mouth  at  the  time  it  was  visited  was  too  small  to  admit 
of  measurement  with  a  current  meter,  but  it  was  estimated  to  be 
about  1  cubic  foot  per  second. 

SINKING  CREEK. 

The  next  tributary — the  first  of  importance  entering  from  the 
north — is  Sinking  Creek,  more  properly  known  as  Beidelmans  Creek, 
for  Sinkiug  Creek  is  properly  a  small  tributarj'^  of  the  latter  stream. 
It  has  a  total  length  of  about  12  miles.  The  upper  part  of  its  basin, 
from  Paperville  to  the  head,  is  broad  and  flat,  consisting  of  low  ridges 
and  flattened  swells  cultivated  to  the  top,  from  85  to  90  per  cent  of 
the  area  l)eing  cleared  land.  From  Paperville  toward  the  mouth,  how- 
ever, for  about  2  miles  the  hills  close  in  on  the  stream,  there  is  con- 
siderable fall  in  the  channel,  and  practically  none  of  the  land  is 
cleared,  the  hillside  slopes  being  too  steep  and  rocky  to  admit  of  cul- 
tivation. Below  this  short  strip  the  character  of  the  country  is  similar 
to  that  of  the  upper  part  of  the  basin.  The  timber,  which  occurs 
largely  in  the  2-mile  stretch  just  noted,  is  almost  all  hard  wood,  and 
lumbering  is  an  important  industry.  So  far  as  known  there  are  no 
mines  or  minerals  in  the  basin,  though  large  deposits  of  iron  ore  are 
found  not  far  distant. 

There  are  a  number  of  mills  on  Sinking  Creek,  all  within  the  2-mile 
stretch  described,  where  the  stream  has  cut  its  way  through  the  Great 
Knobs,  leaving  a  very  rough  and  steep  channel.  The  first  one  is  about 
a  half  mile  above  the  mouth  of  the  creek  and  is  known  as  Beidelman's 
mill.  It  is  a  small  gristmill  operating  two  sets  of  stones  and  using  a 
fall  of  about  8  feet,  the  power  being  developed  by  a  IWnch  turbine 
yielding  about  10  horsepower.  The  dam  is  of  wood,  about  2^  feet  high 
and  100  feet  long;  the  race  is  about  100  yards  long,  in  earth  and  wooden 
flume. 

Some  distance  above  this  and  a  short  distance  below  the  village  of 
Paperville  is  Nutty's  woolen  mill,  which  uses  about  14  horsepower, 
developed  by  a  14-inch  Little  Giant  double  turbine  working  under  a 
head  of  13  feet,  which  could  be  increased  to  10  feet.  This  mill 
oi)erates  one  set  of  woolen  machinery. 

About  200  yards  above  Nutty's  mill  is  Bruce's  mill,  which  uses  a 
fall  of  35  feet  on  a  12-inch  James  Davis  turbine  yielding  12  horse- 
power and  operating  one  set  each  of  corn  and  wheat  stones  as  well 
as  sawmill  and  planing  machinery.  There  is  no  dam  at  this  mill,  the 
water  being  turned  directly  into  the  race.  There  is  plenty  of  water 
except  when  the  mills  above  close  down. 

About  200  yards  above  Bruce's  mill  is  the  planing  mill  operated  by 
J.  T.  Nutty,  where  about  14  horsepower  is  develope<l  by  a  134-iiich 
Burnham  turbine  working  under  a   17- foot  head,  which  is  used  to 
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operate  a  full  line  of  sash,  door,  and  blind  machinery.  The  dam  is  3^ 
feet  high  and  30  feet  long,  making  a  pond  200  feet  in  length.  There 
is  at  all  times  plenty  of  water  in  the  stream  to  develop  this  power, 
and  it  is  stated  that  the  fall  could  easily  be  increased  to  24  feet. 

A  short  distance  above  the  Nutty  planing  mill  is  the  sawmill  oper- 
ated by  J.  H.  Maddox,  where  the  fall  is  18  feet,  about  10  horsepower 
being  developed  by  a  homemade  wheel  built  like  a  turbine.  The 
plant  consists  of  a  small  sawmill,  including  planer,  turning  lathe,  and 
a  pair  of  corn  stones.  The  dam  is  60  feet  long  and  3^  feet  high,  back- 
ing water  to  the  tailrace  of  the  mill  above,  a  distance  of  about  100 
yards.     The  race  is  of  wood  and  is  96  feet  long. 

One  hundred  yards  above  the  Maddox  mill  is  the  flouring  mill  of 
the  Farmers'  Milling  Company,  located  in  the  village  of  Paperville. 
This  is  a  40-barrel  roller  flour  mill  operated  by  an  18-foot  ovei-shot 
wheel  of  4^^  feet  face,  which  is  said  to  furnish  20  horsepower.  The 
flow  of  the  stream  at  the  time  of  the  visit  in  July  was  said  to  be 
sufficient  to  operate  the  mill  only  about  half  the  time,  but  for  nine 
months  of  the  year  the  stream  furnishes  water  sufficient  to  run  the 
mill  night  and  day.     A  gaging  was  made  of  the  water  in  this  flume. 

The  next  mill  is  about  one-fourth  of  a  mile  above  Paperville  and 
about  2i  miles  below  Bristol.  It  is  known  as  the  Rutherford  mill,  and 
is  a  gristmill  operating  one  pair  of  wheat  stones.  The  dam  is  of  wood, 
8  feet  high,  and  gives  a  fall  of  11  feet  at  the  mill,  through  a  wooden 
race  about  100  feet  long.  The  power  is  developed  by  a  20-inch  New 
American  turbine  yielding  15  horsepower.  It  is  stated  that  there  is 
generally  sufficient  water  in  the  stream  to  operate  this  mill  all  of  the 
time,  but  when  visited  in  July  the  flow  of  the  ci*eek  was  insufficient 
to  operate  it  more  than  a  very  small  part  of  the  time.  The  miller, 
who  had  known  the  stream  many  years,  stated  that  it  was  at  a  lower 
stage  than  at  any  time  within  his  recollection. 

The  total  fall  of  the  creek  between  Rutherford's  mill  and  Nutty's 
woolen  mill  is  said  to  be  approximately  135  feet;  by  aneroid  measure- 
ment it  was  determined  to  be  130  feet.  The  fall  used  by  the  several 
mills  aggi'egates  121  feet,  all  within  a  distance  of  less  than  a  mile. 

THOMAS   CREEK. 

The  next  tributary,  entering  also  from  the  north,  is  Thomas  Creek. 
Its  drainage  basin  is  level  to  gently  rolling,  and  is  from  85  to  90  per 
cent  cleared  land,  a  very  large  proportion  of  which  is  grass  covered. 
At  the  time  of  the  July  visit  it  was  thought  that  the  stream  was 
carrying  too  little  water  to  be  measured  with  a  current  meter,  but  at 
the  time  of  the  September  visit  the  creek  was  somewhat  higher  and 
was  gaged  a  few  hundi-ed  yards  above  its  mouth.  It  was  carrying 
2.46  second-feet.  The  flood  rise  is  about  5  feet.  There  is  one  small 
combined  sawmill  and  gristmill  on  the  stream,  using  a  small  amount 
of  power,  developed  by  an  overshot  wheel.  Formerly  there  was  a 
mill  near  the  mouth  of  the  creek,  but  it  has  been  torn  down. 
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RIDDLE  AND  JONAH  CREEKS. 

The  next  two  tributaries  entering  from  the  south  are  known  as 
Riddle  Creek  and  Jonah  Creek,  respectively.  These  are  two  small 
streams  of  about  the  same  size  and  having  drainage  basins  of  the 
same  general  character.  Much  of  the  timber  has  been  cut  from  the 
area  drained  by  them,  and  the  proportion  of  cleared  and  cultivated  land 
is  about  one-third  of  the  whole.  The  forest  growth,  or  more  properly 
the  undergrowth,  on  the  remainder  of  the  area  is  very  sparse,  owing 
to  extensive  lumbering  operations.  It  is  said  that  since  the  lumber- 
ing began  the  streams  are  much  more  flashy,  falling  much  lower  and 
rising  higher  and  more  rapidly,  and  that  the  floods  are  much  more 
destructive  than  formerly.  These  streams  attained  their  minimum 
stage  of  flow  during  the  summer  and  fall  of  1900.  The  average  rise  at 
the  mouth  of  each  is  from  4  to  5  feet.  Corn  is  the  principal  proiluct 
of  the  basin,  and  no  mines  or  minerals  of  any  kind  are  known. 

FISHDAM  CREEK. 

The  next  tributary,  which  enters  the  river  from  the  east,  at  the  head 
of  the  Horseshoe  Bend,  is  Fishdam  Creek.  It  drains  an  area  entirely 
forest  covered,  excepting  a  few  acres  at  its  mouth.  The  immediate 
valley  is  very  narrow  and  swampy  and  is  covered  with  dense  laurel 
thickets.  The  hills  are  steep  and  at  the  lower  end  of  the  valley  are 
very  high  and  mountainous.  The  country  rock  of  the  basin  is  slaty 
in  character.  The  stream  seems  to  have  a  large  low-water  flow,  aud 
is  said  to  be  less  flashy  than  Jonah  Creek  or  Riddle  Creek,  whoee 
basins  have  been  deforested,  but  active  preparations  are  now  being 
made  to  cut  the  timber  in  this  area  also.  The  Holston  Valley  Rail- 
road is  being  graded  along  its  course  as  rapidly  as  possible,  and  after 
that  is  completed  the  timber  will  rapidly  disappear.  Fishdam  Creek, 
like  all  other  streams  in  this  section  of  country,  reached  its  lowest 
stage  during  the  summer  and  fall  of  1900.  During  floods  the  rise  at 
its  mouth  is  about  4  feet  above  its  average  water  level. 

SHARP  CREEK. 

Sharp  Creek  also  enters  the  river  from  the  east.  It  is  a  small  stream 
draining  an  inconsiderable  area,  the  largest  part  of  which  is  in  forest, 
although  there  is  considerable  cleared  land  near  the  mouth  of  the 
stream,  where  the  hillside  slopes  are  gentle,  ranging  from  10  to  15 
degrees.  As  the  stream  is  ascended  the  hills  are  steeper  and  there  is 
no  cleared  land.  The  cleared  land  in  the  basin  amounts  to  about  one- 
third  of  the  area.  On  it  fine  vegetables  and  fruits  can  be  grown, 
grapes  thriving  especially  well.  Much  of  the  pine  and  poplar  has 
been  taken  out  of  the  forests,  but  the  oak,  beech,  and  chestnut  remain. 
Considerable  tan  bark  has  been  stripped,  but  very  little  has  been 
taken  out. 
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The  slopes  of  the  mountain  sides  are  steep,  being  in  some  cases  00 
degrees  or  more,  and  they  are  often  covered  with  angular  fragments 
of  broken  stone  ranging  in  size  from  bits  a  few  inches  in  diameter  to 
blocks  several  feet  across.  The  soil  of  the  mountain  slopes  seems 
composed  entirely  of  vegetable  mold,  which  is  mingled  with  these 
fragments.  Near  the  tops  of  the  mountains  there  is  very  little  rock, 
the  surface  being  covered  with  vegetable  matter,  black  and  moist,  and 
the  forest  growth  being  very  dense  and  luxuriant,  composed  for  the 
most  part  of  oak,  with  small  quantities  of  chestnut,  hemlock,  and 
spruce.     The  stream  is  subject  to  fluctuations  of  about  6  feet. 

The  first  mill  on  the  creek  is  Lawson's  mill,  a  small  gristmill  operat- 
ing a  single  pair  of  stones  by  means  of  a  small  flutter  wheel  which 
yields  an  unknown  amount  of  power.  There  is  a  fall  of  14  feet  avail- 
able at  this  mill,  but  the  quantity  of  water  is  very  small.  Moore  & 
Graham's  mill  is  a  small  sawmill  near  the  headwaters  of  the  creek. 
It  uses  about  14  horsepower  and  cuts  about  500  feet  of  lumber  a  day. 

Sharp  Creek  has  a  large  fall  and  there  are  many  sites  whei-e  mills 
could  be  located. 

SPRING  CREEK. 

The  next  important  tributary  is  Spring  Creek,  which  enters  from 
the  north,  a  short  distance  above  the  boundary  line  between  Virginia 
and  Tennessee.  Its  drainage  basin  possesses  the  same  general  char- 
acteristics as  the  other  basins,  consisting  of  broad,  low,  and  rounded 
hills  and  ridges,  with  wide,  flat  spaces  between,  all  the  slopes  being 
very  gentle,  and  there  being  from  75  to  90  per  cent  of  cleared  land, 
the  larger  part  of  it  in  grass,  hay,  and  grain,  which  are  the  chief 
agricultural  products.  In  this  basin  limestone  is  the  country  rock 
and  slate  is  seldom  seen.  The  creek  has  periods  of  very  low  flow,  and 
during  floods  it  rises  rapidly  to  a  height  of  about  5  feet  above  its  low- 
water  level. 

The  first  mill  on  the  stream — Combes  &  Garrett's — is  about  a  mile 
above  the  mouth.  It  is  a  gristmill  containing  two  sets  of  buhrs,  two 
stands  of  rolls,  and  a  corn  mill,  the  machinery  requiring  about  l6 
horsepower  for  its  operation.  The  power  is  developed  by  a  16-foot 
overshot  wheel  with  42  inches  face,  which  is  said  to  yield  16  horse- 
power. The  dam  is  250  yards  above  the  mill  and  is  of  stone,  7  feet 
high  and  about  100  feet  long.  By  the  use  of  a  turbine  21  feet  fall 
could  be  obtained  at  this  place. 

King's  mill,  the  second  mill  on  the  stream,  is  2  miles  above  its 
mouth.  It  is  a  gristmill  operating  three  sets  of  buhrs  driven  by  a 
40-inch  Leffel  turbine  working  under  a  head  of  10  feet  and  yielding 
an  unknown  amount  of  power.  It  is  stated  that  8  horsepower  is 
suflBcient  for  the  operation  of  the  machinery.  The  dam,  which  is  at 
the  mill,  is  of  timber  frames  planked  over  on  the  upstream  face,  and 
is  10  feet  high  and  30  feet  long,  giving  a  pond  300  yards  in  length. 
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Hawkins's  mill,  the  next  mill  above  the  King  mill,  is  a  sawmill  hav- 
ing a  capacity  of  about  2,000  feet  a  day,  using  an  unascertained 
amount  of  power,  which  is  developed  by  a  36-inch  turbine  working 
under  a  head  of  12  feet.  There  is  no  race,  the  dam,  which  is  of  stone, 
12  feet  high  and  35  feet  long,  being  located  at  the  mill.  It  is  said  that 
ordinarily  there  is  sufficient  water  in  the  stream  to  operate  this  mill 
all  of  the  time,  but  when  it  was  visited  in  July  the  entire  flow  of  the 
stream  was  leaking  through  the  dam. 

On  the  top  of  a  hill  by  the  roadside  just  before  Hawkins's  mill 
was  reached  three  or  four  potholes  were  noticed  which  had  been  worn 
out  in  the  solid  limestone,  the  country  rock  over  this  part  of  the  area. 
These  holes  were  unmistakabl}'  due  to  the  action  of  water  flowing  in 
a  stream  channel  for  a  considerable  period,  and  as  they  are  more  than 
100  feet  above  the  present  level  of  the  creek  they  would  seem  to  indi- 
cate material  changes  in  this  country  during  very  recent  geologic 
times. 

JACOBS  CREEK. 

The  next  tributary  is  Jacobs  Creek,  which  flows  in  from  the  east 
and  drains  a  large  area  of  rolling  country,  slightly  broken  near  the 
river  but  very  rough  and  mountainous  near  the  headwaters.  The 
basin  is  largely  wooded,  in  a  verj^  heavy  forest  growth,  and  probably  less 
than  10  per  cent  of  the  land  is  cleared.  During  low  water  the  stream 
falls  to  a  very  low  stage,  and  during  floods  it  rises  about  5  feet  at  the 
mouth.  So  far  as  could  be  learned  neither  mineral  nor  lumber  indus- 
tries are  carried  on  in  this  basin,  nor  are  its  waters  used  to  operate 
any  mills. 

WOLF  CREEK. 

Wolf  Creek,  entering  from  the  north,  is  the  next  tributary.  It  is 
about  10  miles  long  and  drains  a  large  area.  The  valley  is  wide  and 
flat  and  is  almost  entirely  cleared  and  grass  covered.  Limestone  is 
the  country  rock,  slate  being  seldom  seen,  though  an  occasional  ledge 
of  much  jointed  and  laminated  slate  was  noticed.  The  fall  of  this 
stream  seems  to  differ  greatly  from  that  of  other  streams  of  the 
region,  in  that  it  consists  of  a  succession  of  vertical  plunges  of  from 
1  to  6  feet,  the  intervening  stretches  being  comparatively  still  and 
placid  water.  Along  the  upper  part  of  the  stream,  near  Vance's  mill, 
the  fall  is  very  great,  amounting  to  more  than  50  feet  in  1  mile,  while 
above  and  below  that  point,  where  the  creek  flows  through  and  lK»tween 
the  Great  Knobs,  the  fall  is  much  less. 

The  largest  fall  on  the  creek  is  a  few  yards  above  its  mouth,  and  is 
said  to  have  been  measured  with  an  engineer's  level  and  to  l)e  about 
100  feet  in  100  yards;  the  aneroid  barometc^r,  however,  gave  it  some- 
what less  than  that.  This  fall  is  the  site  of  the  first  mill  on  the  stream, 
known  as  the  Falls  mill,  owned  by  Pitt  &  Nutty,  of  Stump,  Va. 
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Formerly  there  was  a  fine  mill  here,  but  of  late  yeai's  it  has  been  suf- 
fered to  fall  into  disrepair.  At  the  time  it  was  visited  in  July,  how- 
ever, repairs  were  in  progress,  and  it  was  stated  that  a  roller  flour 
mill  of  40  barrels'  capacity  was  to  be  installed  at  once.  The  log  dam 
at  the  head  of  the  falls  is  8  f^et  high  and  50  feet  long.  The  race  is 
about  100  feet  long  and  gives  a  fall  at  the  mill  of  36  feet.  The  power 
is  to  be  developed  by  a  12-inch  double  turbine,  which  will  yield  35 
horsepower  under  the  head  stated.  It  is  claimed  that  this  site  will 
develop  280  horsepower  the  year  round  by  using  all  of  the  fall,  but 
there  is  some  trouble  from  lack  of  water,  which  at  times  is  held  back 
by  the  mills  upstream  until  late  in  the  day. 

Vance's  mill,  the  next  one  on  the  creek,  is  about  2  miles  south 
of  Abingdon,  at  the  upper  end  of  the  gorge  referred  to.  It  is  a  small 
sawmill  and  gristmill  of  two  runs  of  stones,  the  sawmill  and  each 
pair  of  stones  being  operated  by  a  separate  overshot  wheel  about 
16  feet  in  diameter.  No  estimate  of  the  amount  of  power  necessary 
for  the  operation  of  the  machinery  could  be  obtained.  The  dam  is  a 
timber  structure  12  feet  high  and  100  feet  long,  and  is  very  leaky. 
The  race  is  a  wooden  flume  about  150  feet  long,  giving  a  fall  of  18 
feet  at  the  wheels.  This  power  could  be  greatly  increased  by  taking 
in  a  fall  of  about  6  feet  just  below  the  mill  and  using  all  of  the  water 
in  two  small  turbines. 

DENTON  VALLEY  CREEK. 

The  next  tributary  is  Denton  Valley  CreQk,  one  of  the  largest 
streams  flowing  into  the  South  Fork.  For  the  first  3  miles  above 
its  mouth  there  is  a  large  proportion  of  cleared  land  in  the  basin, 
amounting  to  probably  one-third,  practically  all  of  it  grazing  land. 
In  even  the  cleared  areas  the  hillside  slopes  are  steep,  ranging  from 
15  to  30  degrees,  and  show  a  great  deal  of  exposed  rock,  everywhere 
a  limestone.  Farther  upstream,  however,  the  country  becomes  very 
rough,  rugged,  and  mountainous,  and  is  densely  forested,  with  a  soil 
that  is  seemingly  very  moist  all  of  the  time.  As  the  creek  is  ascended 
the  limestone  of  the  lower  part  of  the  basin  gives  place  to  a  slate, 
and  near  the  top  of  the  mountains  the  slate  is  replaced  by  a  sand- 
stone which  on  disintegrating  becomes  a  fine,  light-yellow  to  white 
sand.  This  stream  falls  very  low  and  has  a  maximum  rise  of  4^  to  5 
feet,  rising  and  falling  rapidly,  although  less  rapidly  than  others  in 
the  immediate  vicinity. 

There  is  but  one  snuill  mill  on  the  creek,  and  there  is  no  infonna- 
tion  concerning  it  at  hand.  Near  the  mouth  of  the  stream  are  the  re- 
mains of  an  old  blooniery  furnace,  seemingly  out  of  operation  for  many 
years.  As  no  ore  w^as  heard  of  in  the  immediate  basin  it  must  havo 
been  brought  from  the  deposits  in  the  Shady  Valley,  which  can  be 
reached  from  the  head  of  the  stream. 
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PIPTEENMILE  GREEK. 

Fifteenmile  Creek,  entering  the  river  from  the  north,  is  the  largest 
tributary.  Its  drainage  basin  seems  entirely  similar,  esx>ecially  as  to 
soil,  country  rock,  and  topography,  to  the  area  drained  by  Wolf  Greek. 
The  fall  occurs  in  the  same  succession  of  plunges  and  pools  as  noted 
on  the  latter  stream,  and  like  it  there  is  at  the  mouth  a  very  heavy 
fall  in  a  short  distance,  in  this  case  amounting  to  between  135  and 
140  feet  in  about  1  mile.  In  this  part  of  its  course  the  creek  has  cut 
away  a  deep  gorge,  and  all  of  the  fall  could  be  utilized  with  a  com- 
paratively small  expenditure  of  money.  The  flow  of  the  stream  is 
ample  to  furnish  a  large  amount  of  power  from  the  fall.  A  short 
distance  back  from  the  stream  the  country  is  flat  and  has  the  same 
general  characteristics  as  noted  for  the  limestone  areas. 

There  is  but  one  mill  on  this  stream.  It  is  at  the  head  of  the  fall 
mentioned  and  is  known  as  the  Parks  mill,  being  a  combined  sawmill 
and  gristmill.  The  latter  operates  two  sets  of  stones,  one  for  com 
and  one  for  wheat,  the  power  for  both  being  furnished  by  one  wheel, 
a  16-foot  overshot  wheel  of  5-foot  face.  The  old  jig  sawmill  is  oper- 
ated by  a  small  flutter  wheel.  The  dam  is  a  timber-crib  structure 
planked  on  the  upstream  side,  and  is  8  feet  high  and  50  feet  long. 
The  race  is  short,  partly  in  excavation  and  partly  a  wooden  flume. 
It  is  stated  that  the  stream  never  falls  so  low  as  to  make  it  necessarv 
to  use  all  of  the  water  in  the  operation  of  the  mill,  and  according  to 
the  best  information  obtainable  it  reached  its  minimum  stage  of  flow 
during  the  season  of  1900. 

TRIBUTARIES    OF    SOUTH    FORK    OF    HOLSTON    RIVER  ABOVE 

JUNCTION  WITH  THE  MIDDLE  FORK. 

DISCHARGE  MEASUREMENTS. 

All  of  the  important  tributaries  of  the  South  Fork  below  the  junc- 
tion were  visited  during  the  investigation,  and  measurements  were 
made  of  most  of  them,  the  results  of  which  are  given  in  the  following 
table,  in  order  upstream: 

Discharge  ineasurements  of  tributaries  of  South  Fork  of  lloUtton  River  above  junc- 
tion with  the  Middle  Fork. 


Date. 


1900. 
July  28 

Oct.  3 
July  29 
Oct.  2 
July  29 

Do  -. 
July  28 

Oct.    8 


Stream. 


Beaverdam 

Creek. 

do 

Whitetop  Creek. 

do 

Atcbeson  Creek . 
Lanrel  Fork  of 

Holston  River. 

do 

do 


Locality. 


Di8- 


Hydrographer.    heiX- chS^. 


.do 


Damascus,  Va 


do do 

At  mouth,  Virgrlnia do 

do do 

Near  Head  of  Laurel,  Teon do 

One-half  mile  above  Laurel   .do , 

Bloomery .  Tenn. 

Near  Laurel  Bloomery,  Tenu do 

One-half  mile  below  Damascus,     L.  V.  Branch 

Va. 
do B.W.Myers 


E.  W.  Myers 


Feet 
n.'M 

12.26 
&47 
5.72 
1.8S 
2.06 

5.12 
8.66 


Ser.ft. 
189:  (« 

33.1(1 
lOOLCn 

34.  ao 

4.3S 

saoD 
ci.a> 

951.00 


4.61        88.14 
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Discharge  measurements  of  tributaries  of  South  Fork  of  Holston  River  above  junc- 
tion with  the  Middle  ForXp-~OontinTied. 


Date. 


1900. 
July  28 

Oct-  2 
July  27 
Oct.  2 
July  27 
Oct.  2 
July  27 
Oct.  2 
July  27 

Oct.  2 
July  27 
Oct.  1 
July  27 
Oct.     1 


Stream. 


Rush  Creek. 


do 

Mill  Greek 

do 

Qrose  Creek 

do 

St.  Clair  Creek  .. 

do 

Hogt r  ong  h 
Creek. 

do 

Pomer  Creek 

do 

Jim  Scot  Branch . 
do 


Locality. 


Ford  100  yards  above  month,  Vir- 
ffinla. 

do 

One  mile  above  month,  Virginia. 

do 

At  mouth,  Virginia 

do 

do 

do 

Lower  ford  of  main  road,  Vir- 
ginia. 

do 

At  month,  Virginia 

do 

do 

....do 


Hydrographer. 


L.  V.Branch. 

E.  W.  Myers . 
L.V.Branch. 
E.  W.  Myers . 
L.  V.Branch. 


E.  W.Myers 

.....do 

do 


.do 
.do 
do 
.do 
.do 


Oacre 
leight 


Dis- 
height  charge. 


Feet. 
8.68 


4.82 
4.43 
8.88 

(•) 
5.76 
6.94 
0.87 


2.10 
2.28 


Sec.'ft. 
4.20 

2.00 
18.00 
18.08 

2.00 


8.27 
2.00 
9.00 

1.00 
80.00 
5.00 
4.12 
0.50 


•Almost  dry. 

Note.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream— the  reverse 
of  the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  in- 
crease in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 

On  the  following  pages  are  given  descriptions  of  the  drainage  basins 
and  water  powers  of  the  principal  tributaries  of  the  South  Fork  above 
the  junction  with  the  Middle  Fork,  in  order  upstream. 


LAUREL  FORK. 

The  first  important  tributary  of  the  South  Fork  above  the  junction 
with  the  Middle  Fork  is  the  Laurel  Fork,  or  Laurel  Creek,  as  it  is 
often  called,  which  rises  in  the  northwestern  part  of  Johnson  County, 
Tenn.,and  flowing  in  a  general  northerly  and  northwesterly  direction 
empties  into  the  South  Fork  about  4  miles  above  the  junction  with 
the  Middle  Fork,  being  joined  in  its  course  by  two  streams  as  large 
as  itself,  viz,  Beaverdam  and  Whitetop  creeks.  It  drains  a  rough, 
steep,  and  mountainous  area  containing  a  very  small  proportion  of 
cleared  land,  which  is  confined  to  the  small  tracts  lying  along  the 
stream  l)elow  Damascus  and  to  the  broad  meadows  about  the  towns  of 
Head  of  Laurel  and  Laurel  Bloomeiy,  but  these  are  very  inconsider- 
able in  comparison  with  the  total  area  drained. 

Between  the  mouth  of  the  creek  and  the  first  ford  there  is  a  fall  of 
about  10  feet,  and  about  100  yards  above  this  ford  there  is  another 
fall  of  from  (5  to  7  feet  over  rock  ledges  which  cross  the  stream  at 
right  angles.  Above  this  the  average  fall  per  mile  is  very  large,  and 
though  it  is  well  distributed  there  are  a  number  of  places  where  fine 
mill  powers  could  be  obtained  by  building  dams;  and  as  the  banks 
are  high  and  steep  and  the  slope  of  the  channel  is  great,  no  ara- 
ble land  would  be  flooded.  As  a  rule  the  banks  on  the  north  are 
precipitous  cliffs  of  limestono  from  100  to  150  feet  in  height,  while 
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on  tlie  south  side  the  banks  are  lower  and  in  places  wide  bottoms 
spread  out. 

There  is  a  fall  of  about  50  feet  between  Damascus  and  the  mouth  of 
Whitetop  Creek,  a  distance  of  about  2  miles.  The  valley  along  this 
stretch  is  quite  narrow  and  the  banks  are  high,  there  Ijeing  only  two 
or  three  strips  of  clearing,  which  lie  well  above  the  limits  of  high 
water  and  are  of  small  area,  from  three-fourths  of  an  acre  to  1  acre 
each.  The  hills  rise  steeply  from  the  river,  and  the  opportunities  for 
building  high  dams  are  numerous. 

Above  the  mouth  of  Whitetop  Creek  the  fall  of  the  stream  is  very 
great,  being  between  265  and  270  feet  between  that  point  and  the  first 
ford  below  the  town  of  Laurel  Bloomery,  a  distance  of  about  4ri  miles, 
making  the  average  fall  about  60  feet  to  the  mile.  Along  this  portion 
of  its  course  the  stream  falls  continuously  over  ledges  and  bowlders, 
and  there  is  no  stretch  of  still  or  smooth  water.  In  places  the  fall  is 
greatly  concentrated.  The  valley  is  very  narrow,  and  the  hills  rise 
almost  perpendicularly  from  the  stream  to  heights  of  from  200  to  300 
feet.  There  is  much  white  pine  and  spruce  throughout  this  section, 
and  there  seems  to  be  absol^itely  no  cleared  land  upstream  from  the 
mouth  of  Whitetop  Creek  until  near  Laurel  Bloomery.  There  is  only 
one  small  tributary  stream  in  this  distance,  but  there  are  many  sprin.ajs, 
and  the  stream  gains  a  large  amount  of  water  from  them  and  from 
seepage  between  the  rock  layers.  Near  Laurel  Bloomery  the  valley- 
widens  out  and  contains  much  cleared  land,  practically  all  of  it  in 
grass.  The  site  of  the  only  furnace  is  about  a  half  mile  from  the 
lower  end  of  the  valley.  No  trace  of  it  remains,  however,  except 
remnants  of  the  log  dam  and  some  heaps  of  cinders. 

Between  Laurel  Bloomery  and  the  gap  or  divide  separating  the 
'  waters  of  the  Laurel  Fork  from  those  draining  into  the  Watauga,  the 
general  appearance  of  the  valley  is  very  like  that  of  the  lower  part  of 
the  Ilolston  Valley,  consisting,  as  it  does,  of  broad,  low,  and  gently 
rolling  swells,  almost  entirely  cleared  and  grass  covei'ed,  with  herds 
of  cattle  feeding  over  them  and  with  the  general  appearance  of  pros- 
perity which  marked  the  other  area.  The  upwaM  slope  is  gradual, 
and  the  whole  character  of  the  stream  seems  in  every  way  different 
from  that  of  the  lower  part  of  its  course. 

Although  power  in  large  amounts  ex)uld  be  obtained  almost  any- 
where on  the  Laurel  Fork,  very  little  use  has  been  made  of  its  waters. 
The  first  power  used  is  at  the  mill  of  A.  A.  M.  Mock,  al)ont  1^^  miles 
above  the  mouth  of  the  stream.  This  is  a  combined  sawmill,  grist- 
mill, roller  mill,  and  flour  mill.  The  buildings  are  old  and  greatly 
in  need  of  repaira.  The  available  fall  is  10  feet,  and  the  water  is 
tunied  onto  a  20-horsepower  Leffel  turbine,  used  in  the  operation  of 
the  flouring  mill  and  the  gristmill,  while  an  old,  homemade  wheel 
operates  the  sawmill.  The  flour  mill  has  a  capacity  of  30  barrels  per 
day,  the  sawmill  a  capacity  of  less  than  1,000  feet.     The  dam,  which 
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is  of  logs,  is  about  200  yards  above  the  mill  and  is  4  feet  high  and 
150  feet  across  the  top. 

The  first  power  development  in  the  valley,  near  Laurel  Bloomery,  is 
the  pipe  factory,  which  uses  a  small  amount  developed  b}'  a  10-foot 
overshot  wheel  with  4  feet  face.  This  factory  manufactures  pipe 
stocks  from  laurel  burls.  About  200  yards  above  this  is  a  small  grist- 
mill with  only  one  run  of  stones,  using  a  fall  of  10  feet.  Above  this 
gristmill  there  is  no  utilized  power  until  the  mouth  of  Gentry  Creek 
is  reached,  where  Robinson's  mill,  a  small  gristmill  of  one  run  of 
stones,  is  located,  taking  water  from  Gentry  Creek  and  using  a  fall  of 
about  10  feet  and  a  very  small  amount  of  power.  A  short  distance 
above  this  mill  on  Gentry  Creek  there  is  a  similar  mill  on  the  Laurel 
Fork.  As  far  as  the  mouth  of  Atcheson  Creek  the  fall  is  small  and 
there  are  no  mills,  the  creek  flowing  placidly  along  between  wide  and 
fertile  bottoms. 

Limestone  becomes  less  abundant  as  the  creek  is  ascended,  and 
much  gneiss,  quartz  rock,  and  sandstone  make  their  appearance,  while 
occasionally  a  thin  stratum  of  a  species  of  conglomerate  composed  of 
rounded  and  water- worn  pebbles  firmly  cemented  together  and  lying 
conformably  with  the  limestone  is  to  be  seen. 

The  Laurel  Fork  receives  two  large  tributaries  and  a  number  of 
small  ones.  The  first  tributary  of  importance  as  the  stream  is  ascended 
is  Beaverdam  Cjeek,  which  enters  just  below  the  village  of  Damascus. 

Beaverdam  Creek. — This  stream  rises  in  the  curious  elevated  valley 
between  the  Holston  and  the  Iron  mountains  which  is  known  and 
famed  throughout  the  country  as  the  Shady  Valley.  Throughout  the 
greater  part  of  its  length  the  stream  is  inaccessible,  there  being  no 
roads  traversing  the  area,  which  is  very  rough,  rugged,  and  mountain- 
ous, and  is  entirely  forest  covered,  except  for  the  small  area  of  cleared 
land  in  the  Shady  Valley.  A  railroad,  however,  is  now  being  built 
along  the  creek  to  tap  the  forests  of  the  Shady  Valley,  and  the  country 
will  soon  be  opened  for  settlement  and  for  lumbering. 

There  is  only  one  mill  on  the  stream,  and  this  is  located  a  few  yards 
above  its  mouth,  in  the  village  of  Damascus,  and  is  known  as  Wright's 
mill.  It  is  a  small  wood-working  shop  and  corn  and  chop  mill, 
requiring  about  16^  horsepower,  which  is  developed  by  a  16-inch  Little 
Giant  turbine  working  under  a  head  of  16  feet  and  using  only  a  very 
small  part  of  the  water  carried  by  the  stream.  The  race  is  a  wooden 
pipe  1,000  feet  long,  which  follows  the  level  of  the  stream.  The  dam 
is  1  foot  high,  barely  sufficient  to  turn  aside  a  small  part  of  the  water, 
and  of  course  it  gives  no  pond.  At  the  time  the  stream  was  Wsited 
in  October  it  was  discharging  32.4  second-feet,  and  was  said  to  be  6 
or  8  inches  above  its  extreme  low-water  mark.  The  flood  rise  at  this 
point  is  about  4  feet. 

Indications  seem  to  i)oint  to  the  fact  that  the  Shady  Valley  was  at 
one  time  an  old  lake  bed,  or  at  any  rate  that  still  water  had  much 
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to  do  with  its  present  formation,  since  in  many  places  timber  is  found 
buried  several  feet  below  the  surface  of  the  ground.  The  valley  floor  is 
rather  level,  though  seemingly  higher  in  the  middle  than  at  the  edges. 
The  'soil  is  deep,  rich,  and  moist,  being  very  swampy  in  places,  owing 
to  insufficient  drainage.  The  forest  growth  is  very  luxuriant,  chiefly 
white  pine  and  spruce,  though  some  chestnut  and  other  trees  are 
found,  some  of  them  of  great  size,  being  100  feet  to  the  first  limb.  It 
is  stilted  that  the  timber  in  the  valley  will  average  10,000  to  12,0(X) 
feet  B.  M.  per  acre,  and  that  some  tracts  will  run  as  high  as  50,000  feet 
per  acre.  In  the  swampy  areas  the  soil  seems  to  be  entirely  a  rich, 
black,  vegetable  mold,  in  many  places  very  acid  and  requiring  the 
application  of  lime  before  it  can  be  cultivated  with  success.  In  the 
higher  parts  of  the  valley  the  soil  is  of  a  light-yellowish  color,  with 
some  clay,  and  fine  crops  of  corn  and  wheat  are  produced.  The  lower 
part  of  the  valley  is  more  broken  and  hilly  than  the  upper  part,  and  the 
proportion  of  cleared  land  is  much  less,  diminishing  to  nothing  between 
2  and  3  mile^  below  the  town  of  Shady.  The  Empire  Lumber  Company 
is  now  constructing  a  largo  sawmill  in  this  valley.  All  bricks  neces- 
sary for  their  building  operations  have  been  burned  from  a  fair  qual- 
ity of  brick  clay  found  on  the  spot. 

WhiieUri)  Creek. — This  is  the  next  tributary  of  the  Laurel  Fork, 
entering  that  stream  about  2  miles  above  the  mouth  of  Beaverdam 
Creek.  It  drains  a  very  large  area,  which  is  entirely  forested,  the 
basin  l>eing  covered  with  high  and  rugged  mountains  having  steep  and 
rocky  slopes.  The  fall  in  the  creek  is  said  to  be  very  great  and  to  be 
much  concentrated  in  places,  making  wild  and  picturesque  scenery. 
Then*  are  no  roads  traversing  the  basin,  with  the  exception  of  one 
leading  to  Whitetop  Mountain,  so  that  the  countrj^  is  inaccessible 
unless  the  creek  be  waded.  At  the  time  of  the  July  visit  the  stream 
was  carrying  100  second-feet  of  water  and  was  said  to  be  6  or  6  inches 
above  its  low-water  level.  Its  extreme  flood  rise  is  between  (5  and  7 
feet.  The  timber  found  in  the  basin  includes  all  of  the  varieties  usu- 
ally found  in  the  high  mountains,  and  the  country  rock  is  reported 
to  be  a  limestone  over  the  lower  part  of  the  area,  giving  place  to 
metamorphic  rocks  as  the  stream  is  ascended.  Some  of  the  higher 
mountains  on  the  borders  of  this  basin  are  said  to  be  among  the  most 
picturesque  in  all  the  mountain  region,  Whitetop  and  the  views 
obtainable  from  it  being  particularly  beautiful.  This  mountain  is  a 
summer  resort,  being  a  favorite  place  for  mountain  parties.  The 
construction  of  the  railroad  up  the  valleys  of  the  Laurel  Fork  and 
Beaverdam  Creek  will  in  a  measure  open  the  valley  of  Whitetop 
(-reek  also,  and  will  render  practicable  the  development  of  many  of 
the  water  powers  along  its  line.  This  will  probably  be  the  result, 
the  power  being  used  in  the  operation  of  small  flouring  mills,  which 
will  thus  be  enabled  to  find  a  market  for  their  products,  or  in  wood- 
working establishments,  for  which  this  section  offers  a  very  fine  field. 
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as  inaterial  of  the  best  quality  exists  in  abundance  on  ahnost  every 
mountain  side.  A  beginning  in  this  direction  has  been  made  by  The 
establishment  at  Abingdon  and  at  Laurel  Bloomery  of  small  mills  for 
working  the  laurel  burls  into  pipe  shapes,  ffom  which  so-called  French 
briar  pipes  are  manufactured.  So  far  as  could  be  ascertained  thein* 
are  no  mining  operations  in  this  basin  and  no  minerals  occur  in  prof- 
itable quantities. 

KOSENBAUMS  CREEK. 

Rosenbaums  Creek,  or,  more  properly,  Rosenbaums  Branch,  is  the 
next  tributary  of  the  South  Fork.  This  is  a  small  stream  not  more 
than  4  or  5  miles  long,  draining  a  narrow  valley  and  discharging  a 
quantity  of  water  too  small  to  be  measured  with  a  current  meter,  but 
which  was  estimated  to  ho  about  0.5  second-foot  at  the  time  of  the 
visit  in  September.  This  is,  however,  not  the  discharge  from  the 
whole  area,  for  as  the  stream  was  ascended  the  channel  was  found  to 
be  perfectly  dry  less  than  a  mile  above  the  mouth,  though  the  stream 
was  carrying  an  appreciable  quantity  of  water  about  1^  miles  above 
the  mouth,  the  entire  flow  sinking  into  the  earth.  So  far  as  seen  the 
basin  consists  of  rather  low  hills,  grass  covered,  with  very  steep  slopes, 
40  degrees  in  some  cases.  The  proportion  of  cleared  land  is  large, 
lH3i ng  between  two- thirds  and  three- fourths  of  the  area,  and  is  con- 
fined to  a  strip  lying  along  both  sides  of  the  creek.  Much  of  the 
area — probably  more  than  one-half — is  in  grass,  the  remainder  being 
about  equally  divided  between  corn  and  wheat.  The  country  rock 
seems  invariably  a  limestone,  and  the  soil  is  light  and  porous.  A 
small  amount  of  timber  is  being  cut  on  the  hills  rimming  the  basin, 
being  worked  by  a  number  of  small  mills  on  the  spot. 

WIDNER  CREEK. 

Widner  Creek  joins  the  South  Fork  about  2  miles  above  the  mouth 
of  Rosenbaums  Creek,  and  though  the  area  drained  by  it  seems  to  Ik^ 
slightly  larger  than  that  drained  by  the  latter  creek,  and  a  larger  pro- 
jiortion  of  the  basin  is  said  to  be  forested,  the  discharge  was  very 
much  less,  being  inapiu'eciable  at  the  mouth,  the  only  place  where 
the  stream  could  be  seen. 

RUSH  CREEK. 

Rush  Creek,  the  next  tributary,  enters  the  South  Fork  about  2 
miles  south  of  the  village  of  Friendship,  and  is  a  slightly  larger 
stream  than  either  of  the  last  two  described.  The  area  drained  is 
very  rough  and  mountainous,  and  is  about  two-thirds  forest  covered. 
At  the  time  it  was  visited,  on  October  2,  it  was  carrying  2  second-feet, 
and  was  said  to  be  at  its  lowest  known  stage.  Its  flood  stage  is  about 
3  feet  higher. 
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MILL  CREEK. 

• 

Mill  Creek,  the  largest  and  most  important  tributary  entiering  the 
South  Fork  along  this  part  of  its  course,  was  gaged  about  a  mile 
above  its  mouth,  the  only  place  where  tlie  stream  could  be  reached, 
and  on  July  27  was  carrying  18  second-feet  and  on  the  2d  of  October 
13.03  second-feet.  The  drainage  basin  is  inaccessible  and  was  not 
visited.  Residents  of  the  locality  stat-e  that  with  the  exception  of  a 
narrow  strip  along  the  creek  not  far  from  the  riv^er  the  basin  is  very 
rough,  rugged,  and  steep,  and  is  entirely  forest  covered.  Much  less 
than  one-third  of  the  total  area  is  cleared  land.  There  are  a  number 
of  large  springs  in  the  basin.  The  stream  was  stated  to  be  at  its 
extreme  low- water  flow  at  the  time  of  the'  ()ctol)er  visit,  when  it  was 
carrying  13.03  second-feet.  The  average  flood  rise  is  alK)ut  4  feet, 
although  in  some  cases  it  has  l)een  as  great  as  5  and  G  feet. 

GROSE   CREEK. 

Grose  Creek  is  a  small  brancih  which  was  carrying  2  second-feet  on 
July  27,  but  was  almost  dry  at  tlie  time  of  the  ()cU)l)er  visit.  Ite 
drainage  basin  seems  to  differ  in  no  way  from  those  of  the  streams 
entering  below  it. 

ST.  CLAIR  CREEK. 

St.  Clair  Creek  drains  perhaps  a  larger  projwrtion  of  cleare<l  land 
than  any  other  stream  in  this  vicinity,  all  the  land  along  it  lieiug 
cleared  to  the  foot  of  the  mountains,  but  prol)ably  four-fifths  of  the 
entire  basin  is  in  foi*est.  This  stream  was  measured  near  its  month 
at  time  of  extreme  low  water,  on  October  2,  and  was  carrying  2 
second-feet.     The  rise  during  floods  is  about  4  feet. 

Considering  as  a  whole  the  area  drained  by  Widner,  Rush,  Gro«e, 
and  St.  Clair  creeks,  it  is  very  rough  and  mountainous,  with  steep, 
forested  slopes,  the  small  proportion  of  arable  land,  which  amounts 
to  less  than  one-fifth  of  the  area,  being  confined  to  narrow  strips 
bordering  the  creeks  and  immediately  along  the  river. 

WEDSTONE  CREEK. 

Wedstone  Creek  enters  the  river  from  the  south,  at  Hol8t>ein  Mills, 
and  at  the  time  it  was  visited  it  was  carrying  a  quantity  of  water  too 
small  to  even  be  estimated.  Its  extreme  flood  height  is  about  3  feet 
above  its  low-water  stage.  Its  drainage  area  is  largely  cleared  land, 
the  forested  portion  being  less  than  that  of  any  of  the  other  liasins 
mentioned  and  estimated  to  be  about  one-third. 

HOGTROUGH   CREEK. 

Ilogtrough  Creek,  the  next  tributary  above,  was  also  too  small  to 
measure  at  the  time  of  the  September  visit,  carrying  al>out  0.5  second- 
foot  (estimated),  which  is  probably  the  minimum  flow.     The  flood 
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height  is  about  3  feet.  The  area  drained  is  for  the  most  part  rough  and 
steep,  and  the  proportion  of  cleared  land  is  very  small,  being  confined 
entirely,  so  far  as  could  be  ascertained,  to  the  first  2^  or  3  miles  above 
its  month  and  to  tracts  lying  within  200  or  300  yards  of  the  stream. 

There  are  two  small  miUs  on  the  creek,  the  first  one  about  100 
yards  above  its  mouth,  being  a  small  sawmill  and  gristmill  known  as 
Pierce's  mill.  The  power  is  obtained  from  a  16-foot  overshot  wheel 
with  4  feet  face.  The  mill  operates  only  one  pair  of  stones,  grinding 
for  toll  only,  and  saws  an  extremely  small  amount  of  lumber.  About 
a  mile  above  the  mouth  of  the  creek  is  a  small  mill  operating  one 
pair  of  stones  by  a  IG-foot  overshot  wheel,  but  the  name  of  the  owner 
was  not  ascertaine<l,  nor  any  data  regarding  the  power  developed. 

POMER  CREEK. 

Pomer  Creek  is  tlie  largest  tributary  to  the  South  Fork  in  this  part 
of  its  course.  It  drains  an  area  rougher  and  steeper  than  any  of 
those  yet  described,  and  one  containing  a  smaller  proportion  of 
cleared  land.  The  cleared  area  is  confined  to  a  narrow  strip  along 
the  stream  close  to  its  mouth.  There  are  no  mills  on  the  creek,  so 
far  as  could  be  ascertained,  though  about  a  mile  above  its  mouth  ' 
there  are  evidences  of  a  mill,  which  was  probably  washed  away  by  one 
of  the  freshets  to  which  the  stream  is  subject.  This  creek  reached  its 
minimum  flow  in  the  fall  of  1900.  It  was  measured  on  October  1, 
when  the  discharge  was  5  second-feet.  The  flood  rise  is  about  4  feet. 
The  amount  of  water  carried  during  floods  is  very  great. 

This  was  the  last  tributary  investigated,  as  the  river  was  not  fol- 
lowed much  above  the  Rye  Valley,  and  was  too  small  at  this  point  to 
be  of  value  for  water-power  purposes.  There  is  but  little  scenery 
worthy  the  name  to  be  found  over  the  larger  part  of  this  area,  most 
of  the  country  presenting  a  very  quiet,  pastoral  type  of  beauty. 

MIDDLE    FORK    OF    HOLSTON    RIVER. 
PHYSICAL  FEATURES. 

The  Middle  Fork  rises  a  little  t^  the  south  of  the  village  of  Old 
Mount  Airy,  Va.,  on  the  western  slope  of  the  Blue  Ridge,  in  the  val- 
ley between  Walker  Mountain  on  the  north  and  the  Brushy  Moun- 
tains on  the  south,  and  flows  in  a  direction  generally  parallel  to  the 
course  of  the  South  Fork  until  a  few  miles  above  the  junction,  where 
it  turns  to  the  southwest.  Below  the  junction  the  stream  continues 
its  general  southwesterly  course,  and  after  being  joined  by  the 
Watauga  it  unites  with  the  North  Fork  of  Ilolston  River,  near  the 
town  of  Kingsport,  Tenn.,  forming  Ilolston  River,  which  is  in  turn 
joined  by  the  Nolichucky  and  the  French  Broad  and  finally  unites  its 
waters  with  those  of  the  Little  Tennessee,  forming  a  system  which 
drains  southeastern  Virginia,  western  North  Carolina  (excepting  a 
small  portion  the  watera  from  which  flow  into  the  New  river  system), 
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eastern  Tennessee,  northero.  Georgia,  and  northern  Alabama.  That 
part  of  the  area  l3ang  in  the  basin  of  the  South  Fork  in  mapped  on 
the  Roan  Mountain,  Bristol,  Abingdon,  and  Wytheville  atlas  sheets 
of  the  Geological  Survey.  The  area  drained  by  the  Middle  Fork  lies 
mostly  to  the  north  of  the  river,  the  distance  from  the  summit  of  the 
ridge  dividing  its  watershed  from  that  of  the  South  Fork  to  the  stream 
being  too  small  to  admit  of  the  formation  of  streams  of  considerable 
size.  The  general  character  of  the  country  is  similar  to  that  of  the 
area  drained  by  the  South  Fork  below  the  junction,  the  topography 
consisting  of  small  and  rounded  hills  and  ridges,  grass  covei'ed  to  the 
top,  with  very  gentle  slopes  and  with  low  divides  between  the  small 
creek  watersheds.  By  far  the  larger  part  of  the  area  is  cleared  land, 
the  woodland  amounting  to  probably  less  than  10  per  cent  for  that 
part  of  the  basin  lying  between  the  junction  and  the  mouth  of  Bear 
Creek.  Above  that  point  the  valley  becomes  very  narrow,  being  con- 
stricted between  the  slopes  of  the  two  peaks  forming  the  Brushy 
Mountains,  which  are  in  a  large  measure  wooded.  Throughout  the 
remainder  of  the  basin  the  w^ooded  areas  are  mostly  in  the  form  of 
small  groves  or  tracts  of  a  few  acres.  The  soil  is  seemingly  verj^  fer- 
tile and  is  light  and  porous,  though  some  areas  of  clay  were  found. 
Limestone  is  the  country  rock,  and  the  bed  of  the  river  is  also  in  that 
stone.  The  area  drained  b}?^  the  Middle  Fork  constitutes  the  finest 
and  most  prosperous  farming  and  stock-raising  country  seen  during 
the  whole  investigation,  and  the  lands  are  held  at  a  high  valuation. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  a  number  of  measurements  were  made  of 
the  flow  of  this  stream  and  of  its  principal  tributaries.  The  measnre- 
raents  made  on  the  Middle  Fork  are  given  in  the  following  tiible,  those 
made  on  its  tributaries  are  given  in  the  table  on  page  73. 

Discharge  measurements  of  Middle  Fork  of  Holston  River, 


Date. 


1900. 
July  25 
Do.. 
Oct  1 
July  24 
Sept.  28 


Locality. 


Sevenmile  Ford,  Va 

Alx)ve  mouth  of  Bear  Creek,  Virginia 

do 

Five  miles  alx)ve  mouth,  Virginia 

do 


Hydrographer. 


L.  V.  Branch 

do 

do 

fi.  W.Myers. 
do 


Gage  Dia* 

height,     charge. 


Feet. 
13.  UO 
6.23 
7.69 
5.W 
6.21 


Sec.'fl. 
71.33 
18.  OD 

n.oo 

ITS.  ID 
100.00 


NoTR.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  established 
and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to 
the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering  of  the 
water  Burfac;e  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse  of  the 
results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  incx^ease  in 
the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 


WATER  POWERS. 


For  100  yards  above  the  junction  with  the  South  Fork  there  is  a  fall 
of  about  8  feet  in  100  yards,  as  near  as  could  be  ascertained,  over  a 
very  rough  and  rocky  bed  formed  by  ledges  of  limestone  crossing  the 
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river  at  right  angles.  High  and  steep  bluffs  rise  from  tlie  water's  edge 
on  both  sides  of  the  stream,  and  from  tliem  large  quantities  of  lime- 
stone could  be  quarried.  A  railroad  crosses  the  stream  just  below  the 
shoals,  and  would  afford  ample  transportation  facilities.  This  locality 
would  repay  an  investigation  by  anyone  desiring  power  in  this  section. 

About  2i  miles  above  the  mouth  of  the  stream  there  is  a  fall  known 
Hs  Big  Shoals,  where  the  river  is  divided  by  several  islands,  the  largest 
of  which  is  alx)ut  an  eighth  of  a  mile  long.  In  one-fourth  of  a  mile, 
as  near  as  could  be  estimated,  there  is  a  fall  of  10  feet,  determined  bj' 
hand  level  and  aneroid,  and  near  the  head  of  the  shoals  there  is  a 
fall  of  about  4  feet  in  a  distance  of  100  feet,  and  an  abrupt  descent  of 
about  3  feet  at  the  foot  over  a  rock  ledge  crossing  the  stream  at  right 
angles.  On  the  south  side  of  the  river  broad  bottoms  extend  the 
length  of  the  shoals,  but  on  the  north  side  the  banks  are  high  and 
bluffy.  The  country  rock  close  to  the  river  seems  to  be  slate  of  two 
varieties,  one  hard  and  black,  the  other  soft  and  either  yellow  or  gray. 
Limestone  occura  in  small  quantities  close  to  the  stream,  but  it  forms 
the  predominating  rock  of  the  uplands. 

From  the  mouth  of  Hogthief  Creek  to  De  Busk's  mill  the  river  is  a 
placid  stream,  with  very  little  fall.  The  rock  is  a  limestone  which 
quarries  well,  and  almost  all  of  the  country,  which  is  very  rolling, 
seems  to  be  cleared.  At  De  Busk's  mill  there  is  no  race,  a  wooden  flume 
taking  the  water  from  the  forebay  to  the  wheels.  The  dam  is  a  tim- 
ber structure  planked  on  the  upstream  face,  10  feet  high  and  1G8  feet 
long,  backing  the  water  about  2  miles.  The  mill  is  a  sawmill,  but  it 
also  contains  wood-working  machinery.  It  is  operated  by  a  30-inch 
turbine  rated  at  30  horsepower  under  0^  feet  hea&,  and  has  a  capacity 
of  6,000  feet  of  lumber  per  day.  At  this  site  there  is  also  a  wheat 
mill  with  a  capacity  of  30  barrels  per  day,  consisting  of  three  double 
stands  of  rolls  operated  by  a  20-inch  Success  turbine  rated  at  25  horse- 
X>ower.  The  com  and  feed  mill  is  operated  by  a  homemade  wheel 
yielding  about  4  horsepower.  Sometimes  during  very  dry  seasons 
when  all  of -the  machinery  of  the  mill  is  in  operation  at  the  same  time 
the  whole  flow  of  the  stream  is  required,  as  the  dam  is  somewhat 
leaky,  and  at  times  the  pond  has  been  dniwii  down  1  foot  during  a 
day's  run. 

Above  the  De  Busk  mill  and  as  far  up  the  stream  as  Chilhowie  there 
is  very  little  fall  in  the  river,  and  what  there  is  is  very  well  distributed, 
there  being  no  noticeable  concentration  at  any  place.  There  are  local- 
ities, however,  where  dams  from  10  t^  15  feet  high  could  be  built,  but 
in  every  case  the  fall  obtained  would  be  that  due  to  the  dam,  and  the 
flooding  of  valuable  lands  above  would  prohibit  the  construction.  The 
bottoms  are  very  broad  and  lie  only  a  few  feet  above  the  level  of  the 
river.  The  river  receives  practically  no  drainage  throughout  this  part 
of  its  course,  one  stream  only,  Huttons  Branch,  being  large  enough  to 
gage.  The  country  rock  is  a  limestone,  and  the  land  is  practically  all 
cleared  and  is  given  over  to  stock  raising  and  to  grain. 


72  80UTHEBN   APPALACHIAN   MOUNTAIN   REGION,  PT.  I.       [w>.aaL 

Above  Chilhowie  and  as  far  as  Sevenmile  Ford  there  is  no  concen- 
tration of  fall  in  the  stream,  and  the  country  preserves  the  same  gen- 
eral character,  except  that  the  bottoms  begin  to  grow  narrower  and 
the  hills  to  close  in  on  the  river  and  to  rise  higher  and  more  sharply, 
the  coiintr}^  presenting  a  much  more  broken  appearance.  The  area  is 
not  so  largely  cleared,  there  being  probably  25  per  cent  of  woodland 
in  this  section.  The  sti*eam  has  an  extreme  rise  of  12  feet  in  this 
part.of  its  course.  At  present  there  is  no  mineral  industry hereabonte, 
though  several  years  ago  much  baryta  was  mined,  but  practically  all 
has  been  taken  out  that  can  be  worked  at  a  profit. 

Glenn's  mill  is  the  first  mill  on  the  river  above  the  De  Busk  mill. 
It  is  just  above  the  mouth  of  Byare  Creek,  and  is  a  combined  grist- 
mill and  sawmill  having  a  capacity  of  40  barrels  of  flour  -per  twenty- 
four  hours,  and,  with  three  choppers,  requinng  aboiit  46  horsepower. 
The  total  power  development  here  is  64  horsepower.  The  wheels  are 
homemade,  center  discharge,  built  on  the  turbine  plan,  and  of  20,  16, 
10,  and  6  horsepower,  respectively.  The  sawmill  contains  one  sash  saw 
requiring  for  its  operation  about  12  horsepower.  The  dam  is  of  timber 
frames  planked  over,  and  is  11^  feet  high  and  120  feet  long,  giving  a 
working  head  of  11  feet  at  the  mill  and  backing  water  about  three^ 
fourths  of  a  mile.  It  is  stated  that  there  is  always  sufficient  water  to 
operate  all  of  the  machinery  in  this  mill  at  the  same  time,  though  the 
dam  is  somewhat  leaky. 

The  next  power  on  the  stream  is  about  one-fourth  of  a  mile  below 
the  town  of  Marion  and  is  owned  by  Messrs.  Look  &  Lincoln,  who 
state  that  a  fall  of  10  feet  can  be  obtained  by  building  a  dam  of  that 
height,  and  that  no  arable  land  would  be  flooded. 

Look  &  Lincoln's  mill,  the  next  power  above,  is  in  the  lower  end  of 
the  town  of  Marion.  Wagons,  plow  handles,  and  wagon  materials 
are  manufactured. .  There  are  two  dams,  the  upper  one  of  stone 
for  half  its  length  and  of  wood  for  the  remainder,  9^  feet  high  and 
110  feet  long,  the  water  being  turned  directly  into  a  33-inch  Success 
turbine  developing  about  30  horsepower.  It  is  estimat.ed  that  with 
this  fall  from  40  to  45  horsepower  can  be  obtained  the  3'^ear  round. 
Just  below  this  dam  the  river  makes  a  very  abrupt  bend,  and  about 
150  yards  below  the  upper  dam,  if  the  course  of  the  river  be  followed, 
or  40  yards  in  a  straight  line,  is  the  lower  dam,  belonging  to  the  same 
firm.  This  dam  is  8  feet  high  and  100  feet  long,  made  of  timber 
frames  planked  over,  and  backs  the  water  t^o  the  foot  of  the  upper  dam. 
The  water  is  l^d  direct  to  a  36-inch  turbine  yielding  alK>ut  20  hoise- 
power,  which  is  used  occasionally  to  operate  two  sets  of  corn  stones 
and  a  turning  lathe.  A  steam  engine  of  100  horsepower  is  also  used  in 
the  wagon-material  department.  The  whole  mill  has  a  capacity  of 
about  300  farm  wagons  annually  and  about  2,000  pairs  of  plow  handles. 

In  the  upper  end  of  the  town  of  Marion  is  Hull  A  Staley's  mill, 
which  has  a  capacity  of  75  barrels  of  flour  per  day.  The  dam  is  one- 
fourth  of  a  mile  above  the  mill,  and  is  of  timber  frames  planked  over. 
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It  is  12  feet  high  and  gives  a  head  of  20  feet  at  the  mill.  There  are 
two  turbines,  one  a  30J-inch  Ijeffel  developing  32  horsepower,  the 
Other  a  24-inch  Success  wheel  developing  18  horsepower,  and  it  is  said 
that  in  seasons  of  low  water  the  entire  flow  of  the  stream  is  necessary 
to  operate  the  larger  wheel. 

About  3  miles  above  Marion  is  the  Mount  Carmel  mill,  a  flouring 
mill  with  a  capacity  of  50  barrels  per  day,  using  about  32  horsepower, 
which  is  develoi)ed  by  two  30^inch  Leffel  turbines  working  under  a 
head  of  9  feet.  There  is  no  race,  the  mill  being  built  at  the  dam, 
which  is  new,  of  timber  frames  planked  over,  9  feet  high  and  125  feet 
long,  backing  the  water  about  400  yards.  The  miller  estimates  that 
in  the  driest  seasons  there  is  in  the  stream  only  water  sufficient  to 
develop  16  horsepower  with  this  head.  He  also  stated  that  a  portion 
of  the  water  carried  by  the  stream  sinks  into  its  bed  between  this  mill 
and  the  town  of  Marion,  but  no  evidence  of  this  was  seen. 

There  are  no  other  mills  or  mill  sites  between  the  Mount  Cannel 
mill  and  the  mouth  of  Bear  Creek,  although  the  fall  is  considerable, 
and  from  the  configuration  of  the  country  it  seems  probable  that  at  a 
number  of  localities  small  amounts  of  power  could  be  developed. 
The  north  side  of  the  river  is  very  steep  and  bluffy,  and  on  the  south 
side  the  bottoms  are  higher  above  the  river  level  than  at  any  other 
place  along  the  stream.  Considerable  limestone  has  heen  quai'ried 
in  this  vicinity,  the  greater  part  of  it  going  to  the  alkali  works  at 
Saltville,  Va. 

TRIBUTARIES  OF  MIDDLE  FORK  OF  HOLSTON  RIVER. 


DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  important  tributaries  of  the  Middle  Fork: 

Discharge  measurements  of  tributaries  of  Middle  Fork  of  Holston  River. 


Date. 


1900. 
July  24 

Sept.29 

Do  '.'. 
Jaly  23 
Sept.  29 
July  25 
Sept.29 
July  25 
Sept  29 
July  25 

Oct.     1 
Julir26 

Oct.    i 


Stream. 


Loc^ality. 


Hogrthief  Creek. 


do 

Cedar  Creek 

Halls  Greek 

Huttons  Branch. 

do 

Walker  Creek... 

do 

Byars  Creek 

do 

Hungry  Mother 
Creek. 

do 

Staleys  Creek  . . . 

Bear  Creek 

do 


One-half  mile  above  month,  Vir- 
ginia. 

do 

At  month,  Virginia 

do 

do 

do 

50  yards  above  month,  Virginia . 

do 

At  month,  Virginia 

do 

Ford  of  main  road  from  Marion, 
Va. 

do 

Marion,  Va 

At  month,  Virginia 

do 


Hydrographer. 


L.  V.  Branch 

E.  W.  Myers 

. — do 

do 

L.  V.  Branch 
E.  W.  Myers 

do 

do 

L.V.Branch 
E.  W.  Myers 
L.  V.  Branch 

E.  W.  Myers 
L.V.Branch 

do 

E.  W.  Myers 


Gage 
height 


Feet. 
5.(10 


L73 
4.45 
4.43 
4.911 

4.89 
1.52 
1.58 
1.18 

1.17 
9.2({ 
6.99 
6.90 


Dis- 
charge. 


Sfc./t. 
5.00 

5.00 
8.42 
17.36 
5.00 
5.00 
3.00 
9.00 
-  4.00 
2.24 
2.45 

2.38 

14.32 

2.01 

3.00 


KoTB.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measurements  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  «««4Ark 
to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering  oi  the 
water  surface  and  a  corresponding  decrease  In  the  discharge  of  the  stream,  the  reverse  ol  the 
roBults  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  increase 
In  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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Descriptions  of  the  drainage  basins  and  water  powers  of  these  tribu- 
tary streams  are  given  on  the  following  pages. 

HOGTHIEF   CREEK. 

The  first  tribntar}*  of  the  Middle  Fork  of  snfficient  importance  to 
deserve  mention  is  Hogthief  or  Sev^mmilo  Creek,  whieli  ent.ers  the 
river  from  tlio  north,  at  Moab;^  Va.,  and  has  a  reported  length  of  about 
7  miles,  although  as  measured  on  the  map  it  is  only  al)out  4  miles  long. 
The  greater  part  of  its  drainage  basin  is  cleared,  the  woodland  amount- 
ing to  probably  not  more  than  5  per  cent  of  the  area.  About  half  of 
the  cleared  land  is  in  pasture,  the  remainder  being  al)out  equally 
divided  between  corn  and  wheat.  The  whole  basin  is  either  flat  or 
gently  rolling,  though  it  contains  a  few  small  hills,  some  of  which 
are  wooded  to  the  top,  but  the  hillside  sloi)es  ai*e  all  veiy  gentle. 
Limestone  is  the  country  rock  of  the  area.  When  the  stn^am  was 
visited  (first  on  July  24  and  again  on  September  20)  it  was,  according 
to  all  obtainable  information,  lower  than  ever  before  known.  On 
both  occasions  it  was  discharging  5  second-feet.  It  is  stated  that  the 
maximum  rise  is  about  4  feet.  This  stream  is  now  much  more  flashy 
in  nature  than  it  was  several  yeai*s  ago,  due  no  doubt  to  the  deforesta- 
tion of  its  headwaters  which  has  taken  place  within  the  last  few  years. 
Not  only  do  the  floods  rise  with  greater  rapidity  and  to  a  great»er  lieight 
than  formerly,  but  during  the  dry  seasons  the  ci*e<»k  falls  to  much 
lower  stages,  despite  the  fact  that  it  is  fed  by  many  large  springs. 

The  first  mill  on  the  stream  is  Kend rick's  mill,  located  about  100 
yards  above  its  mouth.  This  is  a  gristmill  of  two  runs  of  stones, 
operated  by  a  turbine  12  inches  in  diameter,  which  develops  20  horse- 
power under  a  head  of  27  feet,  though  it  is  probable  that  10  horse- 
power will  operate  all  of  the  machinerj'^  in  the  mill.  The  dam  is  about 
100  feet  above  the  mill  and  is  about  5  feet  high  and  25  feet  long,  built 
of  timlHU"  fram(»s  planked  over,  and  gives  a  very  small  pond.  Accord- 
ing to  the  statement  of  tlie  riiiller  the  stream  was  never  too  low  to  run 
the  mill  until  1800,  but  it  has  been  so,  except  at  intervals,  sin<»e  that 
time,  and  he  attril)iit(\s  it  to  the  cutting  away  of  the  timlxM-  from  the 
headwat(»rs. 

CEDAR  CREEK. 

The  next  tributary'  of  the  Middle  Fork  is  Cedar  Creek,  which  enters 
the  river  from  the  north,  about  3  miles  above  the  mouth  of  Hogthief 
Creek,  which  it  seems  to  rcisemble  in  every  I'espect.  Practically  all  of 
the  aiea  drained  by  C(Hlar  Creek  is  cleared  land,  which  is  used  almost 
exclusively  for  grazing  purposes.  The  meadows  are  bi^oad  and  fertile, 
and  the  grass-covered  uplands  are  nc^arly  level.  There  are  a  few 
small  hills,  but  they  have  very  gentle  slopes.  It  is  possible  that  this 
stream  may  fall  about  one-tenth  of  a  foot  lower  than  its  stage  at  the 
time  it  was  visited  (September  20),  when  it  was  discharging  3.42  sec- 
ond-feet.    Its  maximum  rise  is  about  3  feet  above  its  low-water  mark. 
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HALLS  CREEK. 

Halls  Creek,  which  onters  the  river  a  short  distance  below  De  Busk's 
mill,  is  a  slightly  larger  stream  than  either  Hogthief  Creek  or  Cedar 
Creek,  but  the  distinguishing  characteristics  of  its  drainage  basin 
seem  similar  in  every  respect  to  those  note^d  for  the  other  creeks.  It 
falls  between  2  and  3  inches  l)elow  its  level  at  the  time  it  was  visited 
(September  29),  when  it  was  discharging  17.36  second-feet.  During 
floods  it  rises  l)etween  3  and  4  feet. 

HUTTONS  BRANCH. 

The  next  tributary  is  Huttons  Branch,  locally  and  morte  properly 
known  as  Huttons  Creek.  This  stream  rises  on  the  southern  slopes 
of  Walker  Mountain  and  drains  a  very  small  area  of  wooded  land. 
The  rest  of  the  basin  is  cleared  and  is  used  almost  exclusively  for 
grazing,  being  quite  level,  with  very  broad  bottoms  and  small,  gentle 
hills.  This  stream  was  visited  on  July  23  and  on  September  29,  and 
at  both  times  was  carrying  5  second-feet.  Its  high-water  rise  is  3  feet. 
There  is  one  mill  on  the  creek,  operating  a  single  pair  of  stones  by 
means  of  a  16-foot  overshot  wheel  and  using  a  very  small  amount  of 
power.  The  creek  forks  just  below  the  site  of  the  mill,  the  forks  being 
at  an  angle  of  nearly  180  degrees,  and  the  water  from  both  branches 
is  brought  to  the  mill  through  a  long  wooden  flume. 

CHILHOWIE  BRANCH  AND  CARLOCKS  CREEK. 

* 

These  are  the  only  other  streams  in  this  section  carrying  an  appre- 
ciable amount  of  water,  and  their  discharge  was  much  too  small  to 
admit  of  measurement. 

WALKER  CREEK. 

Walker  Creek,  draining  the  southern  slopes  of  Walker  Mountain, 
is  the  next  tributary  of  the  Middle  Fork.  The  upper  part  of  its  basin 
is  rough  and  steep  and  is  practically  all  in  woodland,  but  immediately 
along  the  forks  there  are  considerable  areas  of  cleared  land,  and  below 
them  practically  all  of  the  basin  is  cleared.  Over  this  lower  part  the 
topography  is  similar  to  that  noted  for  the  streams  lying  fartlier 
down  in  the  drainage  basin  of  the  main  stream,  except  that  tlie  hill- 
side slopes  are  somewhat  steeper  and  the  hills  a  little  less  rounded. 


rp 


The  creek  is  said  to  have  attained  its  minimum  stage  of  flow  during 
the  summer  and  fall  of  1000.  Its  flood  rise  is  about  4  feet.  There  are 
very  valuable  and  extensive  deposits  of  gypsum  in  this  basin,  but  they 
liave  been  very  little  or  not  at  all  worked. 

BYARS   CREEK. 

This  creek  enters  the  Middle  Fork  from  the  south,  about  4  miles 
below  the  town  of  Marion,  Va.,  and  is  the  first  important  tributary 
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rising  in  the  area  between  the  Middle  and  South  forks.  Considerable 
of  the  land  in  its  basin  is  cleared  and  nnder  cultivation  or  in  grass. 
It  is  rather  smooth  and  level,  all  of  the  slopes  being  gentle.  Lime- 
stone is  the  country  rock,  and  it  has  been  quarried  in  large  amounts 
for  use  in  the  alkali  works  at  Saltville.  During  floods  the  creek  ris^ 
about  3  feet  at  its  mouth. 

HUNGRY  MOTHER  CREBK. 

The  next  tributary  is  Hungry  Mother  Creek,  on  the  southern  slopes 
of  Walker  Mountain.  The  upper  part  of  its  basin  is  a  very  rough 
and  rugged  country  of  extremely  steep  slopes,  containing  a  small  pro- 
portion of  cleared  land.  In  the  lower  part  of  the  basin  the  country  is 
much  more  broken  than  that  of  the  basin  of  any  tributary  of  the 
Middle  Fork  yet  described,  the  hills  rising  sharply  from  the  stream 
to  considerable  heights,  and  the  uplands,  which  downstream  were  a 
plain,  consisting  of  small  and  rugged  hills,  seemingly  not  more  than 
half  cleared.  In  this  part  of  its  course  the  valley  of  the  creek  is  very 
narrow.  Most  of  the  cleared  land  is  in  grass,  the  remainder  being 
cultivated  in  wheat;  and  although  much  of  the  area  near  the  mouth 
is  still  in  woodland,  it  seems  probable  that  these  areas  are  too  small 
to  have  very  great  effect  on  the  run-oflf.  The  soil  seems  shallow,  and 
there  is  much  exposed  rock  over  the  basin,  all  of  it  seemingly  a  lime- 
stone formation.  The  floods  on  this  stream  are  violent,  the  creek 
rising  5  feet  in  a  very  short  time,  but  the  periods  of  high  water  are  of 
short  duration,  owing  to  the  great  slope  of  the  stf^am  channel  and 
the  steepness  of  the  hillsides  over  the  basin. 

STALEYS  CREEK. 

Staleys  Creek,  entering  the  river  from  the  south,  within  the  limits 
of  the  town  of  Marion,  Va.,  is  the  next  tributary.  The  valley  of 
this  stream  so  far  as  seen  was  very  largely  cleared^  probably  50  per 
cent  or  more.  The  lower  part  of  the  basin  is  rolling  and  grass  cov- 
ered, but  the  upper  part  consists  of  the  northern  and  eastern  slopes  of 
the  Pond  and  the  Brushy  mountains,  and  is  rough,  broken,  and  moun- 
tainous, the  slopes  being  very  steep  and  forest  covered.  The  lower 
part  of  the  basin  is  in  a  limestone  formation,  but  the  slox)es  of  the 
mountains  are  of  sandstone.  About  4  miles  from  Marion,  in  the  val- 
ley of  this  stream,  is  an  iron  mine  owned  by  Mr.  J.  L.  Woodruff,  of 
Marion,  from  which  about  100  tons  of  ore  are  shipped  daily  to  the 
furnace  at  Pulaski,  Tenn. 

The  fall  of  the  stream  is  considerable  and  it  is  more  largely  used  for 
power  purposes  than  any  stream  of  its  size  in  the  region.  The  first 
fall  is  known  as  the  Old  Foundry  site.  A  fall  of  17  feet  can  be 
obtained  at  this  place,  yielding  about  20  horsepower.  The  site  is  now 
unoccupied,  but  a  small  wagon  factory  is  to  be  built  at  an  early  date. 


PBMBKY.J  WATAUGA   BIVEB.  77 

About  one-fourth  of  a  mile  above  the  Old  Foundry  site  and  practi- 
cally one-fourth  of  a  mile  above  the  mouth  of  the  creek  is  Seaver's 
planing  mill,  where  the  fall  is  18  feet,  and  it  is  said  that  18  horse- 
power is  developed  by  one  18-inch  Success  turbine.  The  race  is  a 
plank  flume  1,400  feet  long,  and  there  is  practically  no  dam,  only  a 
slight  obstruction,  just  sufficient  to  turn  aside  the  water  of  the  creek. 
The  mill  contains  wood-working  machinery  and  a  gristmill,  and  it  is 
said  that  the  stream  does  not  at  all  times  furnish  power  sufficient  to 
develop  the  horsepower  stated,  occasionally  falling  so  low  as  to  yield 
only  about  9  horsepower  with  18-foot  fall. 

Atkins  Brothers'  mill  is  4  miles  above  the  Seaver  mill  and  manu- 
factures spokes,  hubs,  pick  handles,  etc.,  and  saws  walnut  timber  for 
exi)ort.  It  uses  about  18  horsepower,  developed  by  an  18-inch  Suc- 
cess turbine  working  under  a  head  of  18  feet.  There  is  a  very  slight 
dam,  barely  sufficient  to  turn  the  water  aside.  The  water  is  led  to 
the  mill  by  a  plank  flume  200  feet  long.  This  is  the  last  mill  on  the 
creek. 

BEAR  CREEK. 

Bear 'Creek,  which  enters  the  river  from  the  north  about  5  miles 
above  Marion,  Va.,  drains  a  part  of  the  southern  slopes  of  Walker 
Mountain  and  the  northern  slopes  of  the  Brushy  Mountains.  The 
whole  area  is  extremely  rough  and  mountainous.  Probably  less  than 
one-third  of  it  is  cleared  land,  the  cleared  areas  being  confined  to  the 
comparatively  level  land  immediately  along  the  stream  and  to  some  of 
the  lower  and  more  gentle  slopes.  The  stream  probably  never  falls 
lower  than  the  point  reached  durfhg  July  and  August,  1900,  when  it 
was  carrying  about  2  second-feet.  During  floods  it  rises  about  4  feet 
at  the  mouth.  Some  timber  has  been  cut  in  the  valley,  and  consider- 
able quantities  of  tan  bark  are  stripped  and  hauled  to  the  railroad  at 
Marion.     There  are  no  mills  on  this  stream. 

WATAUGA  RIVER. 
PHYSICAL  FEATURES. 

Watauga  River  rises  on  the  northern  and  eastern  slopes  of  Grand- 
father Mountain,  on  the  southern  boundary  of  Watauga  County, 
N.  C,  and  after  flowing  about  6  miles  in  a  northeasterly  direction 
is  joined  by  Boone  Fork,  a  stream  which  rises  on  the  eastern  slope 
of  'Grandfather  Mountain  and  flows  fijst  due  east  about  4  miles 
and  then  to  the  north  about  4  miles,  or  to  its  junction  with  the 
Watauga.  At  the  junction  the  river  changes  its  course  to  the  north- 
west, and  with  many  bends,  rapids,  and  falls  flows  through  Watauga 
County,  N.  C,  and  Johnson  and  Carter  counties,  Tenn.,  uniting  its 
waters  with  those  of  the  South  Fork  of  Ilolston  River  about  9  miles 
northwest  of  Johnson  City.  In  its  course  it  is  joined  by  many  tribu- 
taries.    It  drains  an  extensive  area,  a  large  part  of  which  lies  in  the 
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high  mountains.  The  basin  to  the  west  of  Carter,  Tenn.,  was  not 
examined,  being  well  out  of  the  mountains  and  of  the  same  general 
character  as  the  valU^y  of  Ilolston  River  already  described.  For  con- 
venience thelnisin  has  been  divided  into  three  parts,  which  are  differ- 
entiated by  very  well  marked  physical  characteristics.  The  divisions 
are:  (1)  Tlie  area  lying  to  the  west  of  the  Iron  Mountains  on  the 
north  side  of  the  river;  (2)  the  area  lying  to  the  east  of  the  Iron 
Mountains;  and  (3)  the  area  lying  to  the  west  of  the  Iron  MountAins 
on  the  south  side  of  the  river. 

ABBA  LYING  TO  THE  WEST  OF  THE  IRON  MOUNTAINS  ON  THE  BOUTH  SIDE  OF  THE 

EIVER. 

This  portion  of  the  drainage  basin  of  Watauga  River  comprises  the 
areas  drained  by  Gap  Creek,  Powder  Branch,  Buffalo  Creek,  Sinking 
Creek,  and  Brush  Creek  and  is  some  distance  from  the  mounUiins. 
As  a  consequence  it  is  much  less  rugged  than  the  country  farther  to 
the  east,  is  better  adapted  to  agriculture,  and  a  great  part  of  the  land 
is  cleared,  hay  l)eing  the  principal  product,  thougli  much  corn  and 
wheat  are  grown.  Most  of  the  area  drained  by  these  streams  is  either 
level  or  very  gently  rolling,  and  over  the  givater  part  of  it  probably 
about  90  per  cent  of  the  land  is  cleared,  the  woodland  being  confined  to 
the  tops  of  some  of  the  higher  hills  and  to  small  and  isolated  areas  on 
the  lower  but  less  fertile  tracts.  Of  the  total  area  drained  b}-  these 
streams  probably  more  than  75  per  cent  is  cleared.  The  soil  is  deep 
and  fertile  and  the  country  rock  is  without  exception  a  limestone. 

One  of  the  peculiar  features  o^f  this  area  is  the  large  number  of 
small  closed  drainage  basins,  or  sinks,  which  have  bet^u  noted  in  other 
watersheds  of  the  region  and  which  here  occur  in  the  nearly  level 
uplands  dividing  the  basins  of  the  various  small  creeks.  These  sinks 
are  i)articularly  noticeable  for  their  size  and  number  near  Milligan, 
Tenn.,  at  which  place  occur  the  largest  seen  during  the  whole  inves- 
tigation, one  of  them  covering  an  area  estimated  at  10  acres  and 
having  a  large  pool  of  water  in  its  bottom.  This  locality  is  the  only 
one,  however,  over  the  whole  area  drained  by  Watauga  River  in 
which  these  basins  occur. 

AREA  LYING  TO  THE  WEST  OF  THE  IRON  MOUNTAINS  ON  THE  NORTH  SIDE  OF  THE 

RIVER. 

This  portion  of  the  basin  includes  the  valley  of  Lick  Cn^ek,  the 
arefis  <1  rained  by  several  small  branches,  the  large  valley  drained  by 
Stony  Creek,  and  a  part  of  the  high  and  rugged  area  covered  by  the 
Ilolston  Mountains.  The  latter,  however,  from  its  character  more 
properly  belongs  to  the  area  lying  to  the  east  of  the  Iron  Mountains. 

For  perhaps  a  half  mile  or  a  little  more  to  the  norv.h  of  the  river, 
near  Carter,  the  country  is  very  hillj'  and  rough,  with  steep  sloi^es, 
and  is  largely  wooded.     It  changes  gradually  as  the  level  of   the 


PBB8SEY.]  WATAUGA    RIVER.  79 

uplands  is  reached  and  becomes  gently  rolling,  being  composed 
of  large  and  broad  swells  or  ridgas  and  low,  flattened  hills  rising  from 
25  to  30  feet  above  the  level  of  the  valleys  between  them,  the  valleys 
being  generally  broad  areas  of  level  land.  The  hillside  slopes  are  very 
gentle,  ranging  from  5  to  10  degrees.  About  75  per  cent  of  the  area 
appears  to  be  cleared,  about  half  of  the  cleared  land  being  grass 
covered. 

Limestone  is  the  country  rock,  as  on  the  south  side  of  the  river,  but 
very  little  is  seen  exposed.  The  soil  is  deep  and  fertile,  that  in  the 
immediate  valleys  of  the  creeks  being  largely  alluvial,  while  on  the 
uplands  it  is  gray  or  yellow  in  color  and  loose  and  porous  in  character. 

The  forest  growth,  which  is  pine,  oak,  and  chestnut,  is  in  small 
areas,  which  as  a  rule  are  too  widely  sei^arated  to  have  much  effect 
on  the  run-off. 

The  countiy  immediately  along  the  river  from  Carter  to  the  town 
of  Watauga  Valley  is  much  broken  by  a  number  of  large  hills,  which 
are  much  steej^er  than  those  heretofore  observed,  but  just  above  the 
latter  place  these  recede  from  the  river,  leaving  the  general  appear- 
ance of  the  topography  similar  to  that  noted  on  the  south  side  of  the 
stream,  though  a  little  more  broken  and  rough.  The  hills  are  the 
outliers  of  the  Ilolston  Mountains,  and  are  covered  with  a  dense  forest 
growth. 

Near  Elizabethton  the  bottom  lands  are  very  broad  and  fertile, 
extending  up  the  river  as  far  as  the  mouth  of  Stony  Creek.  The  val- 
ley of  the  latter  stream  is  of  considerable  width.  Immediately  along 
the  creek  and  on  the  first  bench  or  terrace  the  cleared  land  forms  a 
large  portion  of  the  area,  but  with  this  exception  the  basin  is  in  forest. 
The  cleared  land  is  said  to  amount  to  from  10  to  12^  per  cent  of  the 
whole,  this  being  all  that  is  fit  for  cultivation,  on  account  of  thesteei)- 
ness  of  the  slopes,  the  mountains  rising  very  sharply  from  the  valleys. 
They  all  are  heavily  timbered,  little  lumbering  having  been  done  in 
this  area. 

AREA  LYINO  TO   THE   EAST   OF   THE   IRON   MOUNTAINS. 

This  part  of  the  drainage  basin  of  Watauga  River  diffei*s  very 
greatly  from  the  areas  just  described,  being  rough,  rugged,  steep, 
and  mountainous,  containing  a  very  small  proportion  of  cleared  and 
cultivated  or  cultivable  land,  being  largely  covered  with  the  original 
forest  growth,  which  is  rank,  dense,  and  luxuriant. 

As  the  river  is  ascended  the  limestone,  which  was  the  countiy  rock 
over  the  areas  Just  described,  gives  place  to  slates,  shales,  schists,  and 
sandstones,  and  these  in  turn  to  granites  and  gneisses,  which  form  the 
country  rocks  over  all  of  the  basin  in  North  Carolina.  Away  from 
tlie  river  the  land  seems  to  be  about  one-fourth  cleared,  but  instead 
of  the  deep  and  fertile  surface  (covering  seen  before  the  soil  is  shallow 
and  in  many  places  is  full  of  rock  fragments,  often  angular,  some- 
times rounded  as  if  waterworn,  and  in  many  places  a  stratum  of  these 
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fragments  2  or  3  feet  beneath  the  surface  is  seen  exposed  in  the  banks 
by  the  roadsides. 

Toward  the  North  Carolina  line  the  amount  of  cleared  land  dimin- 
ishes greatly,  the  mountains  rising  too  steeply  from  the  water's  edge 
to  admit  of  clearing.  As  the  river  is  ascended  the  valley  narrows  and 
the  mount-ains  rise  to  greater  heights,  often  showing  precipitous  walls 
of  bare  rock  several  hundred  feet  high,  forming  a  chasm  known  as  the 
gorge  of  the  Watauga.  An  occasional  small  clearing  may  be  found 
on  the  slopes  back  from  the  river,  where  the  country  is  less  rugged, 
and  on  these  settlers  try  to  wring  a  scanty  subsistence  from  the  stony 
soil;  but  as  a  rule  the  mountains  are  forested  to  the  top,  though  occa- 
sionally an  undue  amount  of  exposed  rock  on  the  slopes  renders  the 
growth  sparse  and  stunted. 

Within  the  gorge  of  the  Watauga  there  is  no  room  for  a  road  and 
barely  space  enough  for  the  stream.  The  channel  is  very  rough  and 
broken  by  many  rapids  and  sudden  falls,  and  the  water  rushes  along 
with  great  velocity.  In  the  8  miles  through  which  the  gorge  may  be 
said  to  extend  the  average  fall  is  about  65  feet  to  the  mile,  and  in 
many  places  it  is  much  more  concentrated,  one  notable  locality  being 
near  the  State  line,  where  there  is  a  straight  plunge  of  10  or  12  feet, 
known  as  the  Falls  of  the  Watauga. 

Upstream  from  the  gorge  the  mountains  rise  to  less  heights,  the 
valley  broadens  slightly,  and  the  uplands  back  from  the  river  are 
suitable  for  agriculture  on  a  small  scale.  They  are  partially  cleared 
and  cultivated  in  grass  or  grain  in  the  places  where  the  hillside  slopes 
are  not  greater  than  20  or  30  degrees.  The  hills  do  not  recede  far 
enough  to  permit  the  formation  of  bottoms  until  the  broad  strip  of 
level  land  known  as  Valle  Cruces  is  reached.  A  short  distance  above 
this  the  gorge  is  redeveloped,  though  in  a  lesser  degree,  and  there  is 
very  little  cleared  land  directly  along  the  river  until  Shulls  Mill  is 
i*eached.  There  are  small  areas  of  cleared  land  up  some  of  the  trib- 
utaries, however,  also  along  the  river  Ijetween  Shulls  Mill  and  Fosooe, 
so  that  it  is  estimated  that  of  the  total  area  drained  by  the  river  above 
the  North  Carolina  line  about  one-third  is  cleared  land;  but  after  an 
inspection  of  the  basin  this  estimate  seems  too  great.  Above  Shulls 
Mill  the  Watauga  has  a  length  of  from  5  to  6  miles,  measured  in  a 
straight  line,  and  drains  an  area  of  which  a  large  part  is  well  suited 
to  agriculture,  being  in  the  form  of  broad  and  fertile  bottoms  and 
terrace  lands  lying  close  to  the  stream.  About  4  miles  above  the 
mouth  of  the  Boone  Fork,  however,  the  slopes  of  Grandfather  Moun- 
tain on  the  north  and  of  Hanging  Rock  on  the  south  close  in  on  the 
river  and  the  amount  of  arable  land  becomes  very  small,  the 
cleared  land  being  about  one-fourth  or  one-fifth  of  the  whole  area 
above  the  junction  of  the  Boone  Fork.  The  soil  of  the  bottoms  is 
deep  and  fertile,  being  largely  a  black  alluvium,  but  that  of  the  hill- 
sides is  often  shallow  and  full  of  angular  fragments  of  broken  stone, 
and  is  not  very  productive. 
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The  i)ortion  of  the  basin  in  North  Carolina  lies  in  Watauga  County, 
which  occupies  the  entire  breadth  of  the  very  elevated  mountain  pla- 
teau between  the  Blue  Ridge  and  the  Unaka  mountains.  It  is  trav- 
ersed in  a  northerly  direction  by  two  massive  cross  chains  connecting 
these  two  great  ranges,  viz,  the  Rich  Mountains  and  the  chain  of 
which  Grandfather  Mountain  may  be  taken  as  the  starting  point 
and  Hanging  Rock  and  the  Beech  Mountains  as  the  prominent  peaks, 
the  basin  of  the  Watauga  lying  to  the  w^t  of  the  Rich  Mountains. 
The  surface  of  the  whole  countiy  is  very  rough  and  rugged  and  has 
an  average  elevation  of  about  5,000  feet  above  sea  level.  The  stream 
vallej^s  are  as  a  rule  very  narrow,  but  at  intervals  there  are  consid- 
erable stretches  of  bottom  lands.  The  soil  is  generally  a  stiff  gray  or 
yellow  loam,  producing  grains  and  grasses  in  abundance.  Cattle  rais- 
ing is  an  important  industry.  Along  the  headwaters  of  the  stream 
there  is  much  alluvial  soil  in  the  creek  bottoms  and  a  great  deal  of 
vegetable  mold  on  the  mountain  slopes,  while  on  Banner  Elk  Creek 
and  Elk  Creek  the  bottoms  assume  the  form  of  peaty  bogs,  which  are 
very  deep  and  retain  the  water  draining  into  them  from  the  mountain 
slopes  for  a  long  time,  feeding  it  out  to  the  streams  gradually. 

SCENERY. 

All  of  the  area  drained  by  the  Watauga  in  North  Carolina  lies  in 
the  high  mountains,  and  the  scenery  is  wild  and  picturesque,  the  exact 
opposite  of  that  along  the  lower  part  of  the  stream  or  on  the  Holston, 
which  is  quiet  and  pastoral.  Many  beautiful  mountain  views  are  to 
be  obtained,  with  quick-changing  cloud  shadows  and  with  wisps  of 
filmy  clouds  clinging  about  the  summits,  but  the  valleys  are  so  narrow 
and  so  tortuous  that  it  is  seldom  a  view  can  be  obtained  from  a  suffi- 
cient distance  to  give  its  full  beauty,  although  there  are  places  near 
the  gaps  and  on  the  divides  where  may  be  seen  views  approaching 
in  grandeur  any  that  the  mountains  afford. 

The  rugged  beauty  of  the  whole  area  finds  its  culmination  in  the 
massive  bulk  of  Grandfather  Mountain,  which  rises  to  a  height  of 
5,964  feet,  far  above  any  peak  in  the  vicinity,  and  is  probably  the 
most  massive,  wild,  and  rugged  of  the  peaks  of  the  Southern  Appa- 
lachians. Though  by  no  means  the  highest  peak  in  the  range,  it  so 
towers  above  its  surroundings  that  one  of  the  most  extensive  views  in 
North  Carolina  can  be  obtained  from  its  summit.  From  certain  direc- 
tions and  in  clear  weather  the  summit  of  this  mountain  is  seen  to  form 
the  profile  of  an  old  man — hence  the  name — but  this  is  seldom  visible, 
for  this  grandfather  of  mountains  keeps  his  face  almost  perpetually 
veiled  in  the  clouds. 

RAINFALL. 

Like  all  other  drainage  basins  throughout  this  region,  the  basin  of 
the  Watauga  is  subject  to  a  very  heavy  annual  rainfall,  being  greater 
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near  the  headwaters,  where  Grandfather  Mountain  causes  an  almost 
constant  precipitation.  This  rainfall  at  times  comes  in  the  form  of 
violent  rain  storms,  but  these  are  infrequent,  the  precipitation  being 
well  distributed  throughout  the  year,  though  the  summer  rainfall  is 
the  greatest  in  amount.  At  times  the  heavy  rains  are  long  continued, 
lasting  a  week  or  more,  and  the  streams  rise  to  great  heights  and  do  a 
vast  amount  of  damage.  It  is  said  that  the  greatest  flood  known  in 
this  section  of  the  country  occurred  in  1867,  when  there  was  a  week 
of  heavy  rainfall,  followed  by  a  violent  rain  storm  lasting  twenty-four 
hours  and  seemingly  extending  over  the  whole  basin.  At  Butler  the 
river  rose  18  feet  above  its  low-water  mark,  washing  away  several 
houses  and  baiTis  and  totally  destroying  a  great  many  acres  of  valu- 
able bottom  lands  lying  immediately  along  the  river.  Similar  floods 
are  reported  to  have  occurred  in  the  valley  of  Roan  Creek  in  1861  and 
in  1870.  Droughts  are  infrequent,  and  as  a  rule  are  neither  severe 
nor  long  continued,  the  drought  of  1900  being  the  most  severe  within 
the  memory  of  the  inhabitants  of  the  basin.    ^ 

SPRINGS. 

A  marked  feature  of  the  region  is  the  great  number  of  springs, 
the  discharge  of  which  ranges  from  less  than  a  gallon  a  minute  up, 
several  being  of  very  large  size.  One  of  the  larger  springs  is  in  the 
village  of  AUentown,  Tenn.  The  spring  basin  is  nearly  100  feet  in 
diameter  and  has  a  discharge  estimated  at  from  8  to  10  cubic  feet  per 
second.  Another  large  spring  is  directly  on  the  bank  of  the  river,  at 
the  town  of  Fishspring.  Here  there  are  a  number  of  small  streams 
flowing  from  crevices  in  the  rock,  the  aggregate  volume  being  7  or  8 
cubic  feet  per  second.  The  peculiar  feature  with  reference  to  this 
spring — for  which  it  and  the  town  were  named — is  that  in  the  autumn, 
when  the  water  of  the  river  begins  to  grow  cold,  a  large  number  of 
fish,  especially  sun  perch,  come  from  the  river  and  enter  the  basin  of 
the  larger  spring — a  cavern  beneath  the  surface  of  the  earth — where 
they  spend  the  winter,  returning  to  the  river  after  spring  opens  and 
the  river  water  is  again  warm.  Twenty-one  hundred  fish  were  caught 
in  one  season  by  means  of  a  trap  placed  at  the  mouth  of  this  spring 
when  the  fish  were  returning  to  the  river,  and  165  have  been  caught 
in  a  single  night,  all  being  very  fat.  This  indicates  the  existence  of 
a  body  of  wat^r  of  considerable  size  beneath  the  surface  of  the  earth. 
This  supposition  is  borne  out  by  the  fact  that  about  40  feet  from  the 
river  an  area  probably  25  feet  square  has  sunk  several  feet  within 
the  last  few  years,  and  a  hole  has  opened  in  about  the  center  of  the 
depression  through  which  fish  can  in  the  winter  be  caught  by  means 
of  a  hook  and  line. 

TIMBER. 

There  is  a  great  deal  of  valuable  timber  still  standing  in  the  l)asln 
of  the  Watauga,  only  about  one-thiixi  of  the  area  being  cleared  and  in 
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cultivation.  The  character  of  the  timber  varies  as  the  stream  is 
ascended,  hard  wood  seeming  the  predominant  growth  along  the  lower 
part  of  the  stream  and  its  tributaries,  but  gradually  giving  place  to 
pine,  spruce,  or  hemlock.  On  the  upper  part  of  Laurel  Creek  and  of 
the  main  stream,  upon  which  the  most  extensive  timbering  operations 
have  been  carried  on,  the  growth  seems  composed  entirely  of  the  latter 
trees,  and  the  yield  of  timber  is  heavy.  Evidences  of  extensive  tim- 
bering are  to  be  seen  over  almost  the  entire  basin,  the  river  at  the  time 
of  both  visits — one  in  the  summer  and  the  other  in  the  fall — being  full 
of  logs  waiting  for  a  rise  in  the  stream  to  carry  them  down  to  the 
mills.  Numerous  splash  dams  have  been  built  on  the  tributaries  and 
several  on  the  river  itself. 

MINERALS. 

Not  many  minerals  or  mineral  localities  are  reported  from  this 
basin,  the  only  place  where  mining  rises  to  the  dignity  of  an  industry 
being  at  the  famous  iron  mines  at  Cranberry,  N.  C,  where  is  mined 
an  iron  which  rivals  in  quality  and  purity  the  best  Swedish  ore. 
There  are  other  deposits  of  iron  ore  in  the  basin,  those  on  the  upper 
part  of  Roan  Creek  and  on  Doe  Mountain  being  perhaps  the  most 
noted.  Formerly  some  copper  was  mined  at  Elk  Knob,  just  beyond 
the  eastern  limits  of  the  basin,  but  nothing  has  been  done  there  for 
several  years. 

TRANSPORTATION. 

The  transportation  facilities  for  the  greater  part  of  the  basin  are 
entirely  inadequate.  The  East  Tennessee  and  Western  North  Caro- 
lina Railroad,  from  Johnson  City,  Tenn.,  to  Cranberry,  N.  C,  fur- 
nishes an  outlet  for  the  products  of  that  part  of  the  basin,  and  the 
Virginia  and  Southwestern  Railroad,  from  Bristol  to  Elizabethton  and 
thence  up  Watauga  River  and  Roan  Creek,  serves  the  northern  part 
of  the  basin,  but  the  whole  area  within  North  Carolina  possesses  no 
railroad,  its  facilities  for  transportation  being  limited  to  the  country 
roads,  which  with  the  exception  of  the  one  paralleling  the  river  are 
very  poor,  being  steep,  rough,  and  full  of  stones,  so  that  it  is  impos- 
sible for  a  team  to  haul  more  than  half  a  load  over  them.  It  is 
thought,  however,  that  this  condition  will  soon  be  bettered  by  the 
construction  of  a  railroad  from  Lenoir,  N.  C,  to  Blowing  Rock,  and 
thence  across  the  basin,  probably  following  the  course  of  the  river  a 
considerable  distance  and  connecting  with  other  roads,  either  at  Cran- 
berry, Butler,  or  Mountain  City.  Watauga  County  has  recently 
authorized  a  bond  issue  of  $100,000  to  aid  in  the  construction  of  this 
road. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  a  gaging  station  was  established  on 
Watauga  River  at  Butler,  Tenn.,  and  on  two  of  its  tributaries — 
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Roan  Creek  at  Butler,  Tenn.,  and  Elk  Creek  at  Lineback,  Tenn. 
The  results  of  measurements  at  these  stations,  as  well  as  of  the 
numerous  miscellaneous  measurements  on  the  river  and  its  tribu- 
taries, are  given  herein;  those  made  on  the  main  river  in  the  follow- 
ing table,  and  those  on  the  tributaries  in  the  table  on  i>age  85. 

Discharge  mecuturements  of  Watauga  River, 


Date. 


Locality. 


1900. 
July  16 
Ang.  2 
Aug.  16 
Oct.  5 
Nov.  7 
Dec.  28 
Dec.  31 

July  ao 

Aug.  7 
Aug.  17 
Oct.  0 
Nov.  7 
Dec.  28 
July  16 
Auk.  10 
Oct.  7 
Aag.  11 

Oct.     7 


Elizabethton,  Tenn 
do 


do 

do 

do 

do 

do 

Butler,  Tenn 
do 


...do 

do 

do 

do 

Watauga  Falls,  N.  C 

do 

do I  B.W.Myera 

One  mile  above   ShuUs  Mill,  North  i  L.  V .  Branch 

Carolina.  > 
do B.W.Myera" 


Hydrographer. 


Oage 
hei^it 


E.  W.Myers.-. 
L.  v.  Branch... 

....do 

B.W. Myers.  . 
L.  v.  Branch... 
E.  W.  Myers  . . . 
Ernest  Graves. 
E.  W.Myers  ... 
L.  v.  Branch . . . 

....do 

E. W.Myers ... 
L.  V.Branch... 
E.W.  Myers... 
N.C.Curtis.... 
L. V.Branch. .. 


Fret. 

16.87 

15.77 

16.08 

16.08 

15.27 

15.68 

15.22 

1.37 

0.90 

0.84 

1.12 

2.20 

1.40 


6.62 
6.62 
4.05 

3.78 


Trtar 


Src.'/L 
460 


408 
S48 


9n 

431 

214 


Sil 

SU 

70 

SS 

00 

If 


Note.— At  regular  stations  of  the  Oeological  Survey  gages  are  Installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gago  height  representing  an  increase  in  the  diacfaarse 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  which  were  made  at  Batter, 
Tenn.  In  making  the  other  measurements  in  the  table,  however,  bench  marks  were  established 
and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  mark 
to  the  surface  of  the  water.  In  those  cases,  therefore,  an  increase  in  the  gage  height  means  a 
lowering  of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream. 


WATER  POWERS. 

The  fall  of  the  Watauga  River  is  very  great  thi'onghoiit  its  lenjrth, 
and  the  selection  of  shoals  for  utilization  would  be  largely  a  matter 
of  convenience,  the  average  fall  of  the  sti'eam  in  Tennessee  l)eiiig 
about  15  feet  to  the  mile,  and  between  ShuUs  Mill  and  the  Tennessee 
line  about  47  feet  to  the  mile,  with  many  short  stretches  where  the 
fall  is  much  greater.  Very  little  of  the  vast  power  in  this  l>asin  ia 
utilized,  however,  either  on  the  river  or  on  its  tributaries,  there  l>eing, 
so  far  as  could  be  ascertained,  only  three  mills  on  the  main  stre^im, 
and  these  all  small  ones.  The  first  mill  is  at  Watauga  Falls.  It  is  a 
roller  flour  mill  with  a  capacity  of  30  barrels  per  twenty-four  hours. 
The  second  one  is  just  below  the  mouth  of  Cove  Creek,  where  there  is 
a  fall  of  about  9  feet  and  a  very  good  location  for  the  construction  of 
dams  and  buildings.  Here  there  is  a  small  sawmill  and  wagon  shop 
which  uses  a  small  proportion  of  the  water  by  means  of  a  homemade 
tub  wheel  yielding  an  unknown  amount  of  power. 

The  first  shoal  that  could  be  developed  into  a  power  of  consider- 
able magnitude  is  just  above  the  North  Carolina  line,  where  there  is 
a  fall  of  about  10^  feet,  but  it  is  in  a  deep  gorge  and  at  present  is  so 
inaccessible  that  it  is  of  no  importance  as  a  x>ower  site. 
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For  about  4  miles  above  this  place,  or  as  far  as  the  mouth  of 
Beech  Creek,  the  concentration  of  fall  is  very  great,  and  dams  of 
almost  any  desired  height  could  be  built  without  excessive  lengths 
across  the  top,  and  powers  could  be  obtained  limited  only  by  the 
heights  of  the  dams.  There  is  a  similar  localit}^^  just  below  the  mouth 
of  the  lower  Laurel  Creek. 

Above  this  point  and  on  through  Valle  Cruces  there  are  a  number 
of  shoals  in  the  river,  but  the  average  fall  in  the  stream  is  less  than 
that  above  or  below,  and  since  the  bottoms  are  very  broad  and  lie  only 
a  few  feet  above  the  water  level,  power  could  not  advantageously  be 
obtained  in  this  part  of  the  course  of  the  river,  on  account  of  the  flood- 
ing of  valuable  farming  lands. 

As  has  been  stated,  the  gorge  is  redeveloped  on  a  smaller  scale  a 
short  distance  above  Valle  Cruces,  and  the  slope  of  the  stream  becomes 
very  great,  being  a  succession  of  rapids  with  large  fall  and  many 
abrupt  plunges.  There  are  a  number  of  places  where  a  dam  from  60 
to  70  feet  high  could  be  built  with  stone  quarried  on  the  spot,  while 
the  level  tops  of  the  hills  would  afford  a  safe  and  excellent  location 
for  buildings;  but  until  this  country  has  made  material  advances 
and  has  provided  means  of  transportation  for  raw  materials  and  fin- 
ished products,  it  is  extremely  improbable  that  any  development  of 
water  power  will  he  made  beyond  small  amounts  for  purely  local  needs. 

TRIBUTARIES  OF  WATAUGA  RIVER. 
DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  tributaries  of  Watatiga  River,  in  order  upstream : 

Discharge  measurementa  of  trUmtarien  of  Watauga  River, 


Date. 


1900. 
July  1» 
Aug.  16 
Sept.  24 
Aug.  2 

Oct.  4 
Aug.  2 
Oct.  4 
Aug.  2 
Oct.  4 
Aug.   3 

Aug.  17 
Oct.  5 
Dec.  29 
Aug.  3 
Oct.  5 
Dec  29 

^-&.'. 

Do.. 

Do... 
Aug.  18 
Oct.  5 
Aug.  2 
Aug.  17 


Stream. 


Brush  Creek 

.....do....: 

do 

Sinking  Creek... 

.....do 

Baflalo  Creek  . . . 

....do 

Oap  Creek 

do 

Lanrel  Fork  of 
Doe  River. 

.....do 

.....do 

do 

Ldttle  Doe  River. 

do 

do 

Wilson  Creek 

Shell  Creek 

Doe  River 


.do- 
do.. 
.do., 
.do., 
.do.. 


Locality. 


Hydrographer. 


Near  Carter,  Tenn 

do 

.-..do 

Lower  ford   of  Johnson   City- 
Elizabethton  road,  Tennessee. 

do 

At  mouth,  Tennessee 

do 

do 

..    do 

AUentown,  Tenn 


.do 
.do 
do, 
do 
do 
do 


One  mile  above  month,  Tennessee 

At  mouth.  Tennessee 

Two  miles  below  Roan  Mountain, 
Tennessee. 

Near  AUentown.  Tenn 

do 

do 

Above  Elizabethton,  Tenn 

do 


L.  V.  Branch , 

do , 

E.  W.  Myers 
L.  V.  Branch 

E.  W.  Myers 
L.  V.  Branch 
E.  W.  Myers 
L.  V.  Branch 
E.  W.  Myers 
L.  V.  Branch 


do 

E.  W.  Myers . 

do 

L.  V.  Branch 
E.  W.  Myers 

do 

L.  V.  Branch 

do 

do. 


do.. 

do 

B.  W.  Myers 
L.  V.  Branch 
do 


Oage 
leight. 


he 


Feet, 

6.n 

6.82 
6.94 
3.73 


3.75 
5.86 
5.92 
4.00 
4.12 
5.19 

6.50 
5.67 
5.05 
4.42 
4.78 
4.30 
3.87 
2.85 
8.46 

5.56 
5.81 
5.85 
5.94 
6.20 


Dis- 
charge. 


Sec. -ft. 

1U.08 

9.47 

5.14 

5.0 

4.0 

20.0 

10.0 

7.0 

3.0 

3li.0 

15.0 
9.0 
27.0 
35.0 
17.0 
28.3 
5.0 
14.0 
41.3 

72.0 

60.0 

30.3 

Ji43.4 

106.0 
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Date. 


1800. 
Oct.     6 
Dec.  81 
Aug.  3 

Oct.  6 
Dec.  31 
Anff.  13 
July  30 
Ang.  13 
Oct.  0 
Jnly30 
jQlySB 
Aaff.18 

Jaly  30 
Aug.  7 
Aug.  17 
Oct.  6 
Nov.  7 
Dec  ;» 
Aug.  13 
July  30 

Aug.  6 

Do  . 

Aug.  12 

Oct.  8 
Aug.  11 

Oct  8 
Aug.  9 
Aug.  17 
Oct.  G 
Aug.   6 

Aug.   9 

Do  .. 
Oct.  « 
Aug.   9 

Oct  6 
Aug.    9 

Oct  6 
Aug.  10 

Oct.  7 
Aug.  12 
Oct  18 
Aug.  12 

Do  .. 

Aug.  10 
Oct.  7 
Aug.  10 
Oct  7 
Aug.  10 

Oct.  7 
Aug.  11 

Aug  10 

Oct.     7 


Doe  River  ... 

do 

Stony  Creek. 


do 

do 

Doe  Creek.. 

do 

do 

do 

HUl  Creek.. 
Town  Creek 

.....do 

Forge  Cre^ 
Boon  Creek. 

.....do 

do 

do 

do 

do 

do 

do 


Dark    Ridge 

Creek. 
Little  Elk  Creek. 
Bleyins  Creek  . . . 
Cranberry  Creek 
North    Fork  of 

Elk  Creek. 

do 

South    Fork   of 

Elk  Creek. 

do-r 

Elk  Creek.. 

do 

do 

....do 

Big  Dry  Run  .-.. 


Fogey  Creek. 

do 

Booch  Creek. 


Locality. 


Above  EUzabethton,  Tenn 

do 

One-half  mile  above  mouth.  Ten- 


.do 
.do 


1  vyspringjpost-ofBoe,  Tenn 

Mouth  of  Doe  (town),  Tenn 

do 

do 

At  month,  Tennessee 

AtShonnCrGB8road8,Tenn 

do 

Near  month,  Tennoaooe 

Butler,  Tenn 

do 

do 

do 

do 

do 

Key  Station,  Tenn 

Above  month  of  Mill  Creek, 
Tenneeaee. 

One-half  mile  above  mouth.  Ten- 
nessee. 

At  mouth.  North  Carolina 

Cranberry,  N.C 

do 

At  Banners  Elk,  North  Carolina. 


.do 
.do 


do 

Beaverdam 

Creek. 

.      do 

Laurel  Creek 

(lower). 

do  

Rockhouse  Creek 

do 

Brushy  Fork  of 

Cove  Creek. 
Cove  Creek 


do 

Lineback,  Tenn 

do : 

do 

One-half  mile  below  month  of  the 

Little  Elk,  Tennessee. 
One-eighth  mile  above  mouth. 

North  Carolina. 
At  month,  North  Carolina ....  — 

do 

Above  mouth  of  Fogey  Creek, 

North  Carolina. 

do 

Near  Leander,  N.  C 


do 


At  mouth.  North  Carolina . 


do 
.do 
do 
do 


Hydrographer. 


do 

do 

Dutch  Creek 

...-do 

Laurel    Creek 
(uDper). 

Mood'y'Mili* 

Creek. 
Boone   Fork    of 

Watauga  River 
do- 


Above  mouth  of  Brushy  Fork, 
North  Carolina. 

At  mouth,  North  Carolina 

do 

ValleCruces,  N.C 

do 

At  mouth.  North  Carolina 


do 
do 


Shulls  Mill,  N.C. 
do 


E.W.  Myers... 
Ernest  Graves. 
L.  v.  Branch... 


E.W.Myers.-.. 
Ernest  Oravtti  . 

L.V.  Branch 

E.W.Myers.... 

L.V.  Branch 

E.  W.Myers.... 

.....do 

L.V.  Branch 

do 

.....do 

E.  W.Myers.... 

do 

do 

do 

.....do 

do 

L.V.  Branch 

E.W.Myers.... 


L.y.  Branch. 


do 
do 
do 
.do 


E.  W.  Myers . 
L.  V.  Branch. 

E.  W.  Myers . 

do 

do 

do 

L.V.  Branch. 


do 


do 

E.  W.  Myers  . 
L.V.  Branch. 

E.  W.  Myers  . 
L.V.  Branch. 

E.  W.  Myers  . 
L.V.  Branch. 


E.  W.  Myers . 
L.  V.  Branch. 
E.  W.  Myers  . 
L.V.  Branch. 


do 


do 

B.  W.  Myers  . 
L.  V.  Branch. 
E.  W.  Myers  . 
L.V.Branch. 

E.  W.  Myers  . 
L.  V.  Branch . 


do 


E.  W.  Myers 


Gage 
eight 


heig 


Feet. 
A.  23 
5.23 
6.95 


Dis- 


7. 
4. 
5. 
6. 
5. 
5. 


.59 

.00 

.94 

,23 

49 

46 

9.48 

a48 

3.82 
4.53 
1.47 
LOg 
0.86 
0.H8 

Lsn 

L20 
4.a'> 
5.70 

4.65 

LSO 
6.08 
6.95 
5.61 

5.64 
11.96 

11.82 
3.5 
3.5 
3.5 
7.21 

1.55 

2.94 
3.  OS 
5.6 

5.7 
5.59 


10.62 


2.17 

'2.T»' 

4.31 

.5.24 
5.15 
7.42 
7.37 

2.62 

2,87 
3.20 

2.31) 

2.11 


Sec. -ft. 
8S.0 
aD4.0 
44.0 

16. 0 

48.0 

9.0 

50.0 

as.s 

88.38 

13.0 

SB.S 

6l0 

7.0 

137.0 

65.0 

58.0 

5iS.O 

171.0 

83.0 

5.2 

60.3 

Z.Q 

&0 

5  (B 

TO 

4.0 
9.38 

8  iS 
7U-0 
.56.11 
53.0 
«'»4.0 

0.;6 

1.4 
2  4 

T.3 

T.4 

T.O 

8.0 
4.0 

3.  OB 
16.3 
O.S 
&.19 

23.0 

12,0 
14.6 
11.0 
6.0 
10.0 

6.0 
4.0 

13.0 

lao 


NOTK.— At  regular  stations  of  the  Geological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increa.se  in  the  gage  height  rejiresenting  an  increase  in  the  discharge 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  which  were  made  of  Roah 
Creek  at  Butler,  Tenn.,  and  of  Elk  Creek  at  Lineback,  Tenn.  In  making  the  other  measora^ 
ments  in  the  table,  however,  bench  marks  were  established  and  measurements  were  made,  by 
means  of  a  steel  tape,  of  the  distance  from  the  l)ench  mark  to  the  surface  of  the  water.  In 
those  cases,  therefore,  an  increase  in  the  gage  height  means  a  lowering  of  the  water  surface  and 
a  corresponding  decrease  in  the  discharge  of  the  stream. 
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BRUSH  CREEK. 

The  first  tributary  of  the  Watauga  which  was  made  the  subject  of 
investigation  was  Brush  Creek,  which  rises  near  Johnson  City,  Tenn., 
and  flowing  in  a  general  northwesterly  direction  joins  the  Watauga 
a  short  distance  below  Carter,  Tenn.,  having  a  total  length  of  between 
7  and  8  miles  and  draining  an  extensive  area.  The  drainage  basin 
consists  of  large  but  low  hills  with  very  gentle  slopes,  largely  grass 
covered.  Probably  90  per  cent  of  the  area  is  cleared  land,  largely  in 
pasture,  but  a  small  part  is  cultivated  in  corn  and  wheat.  The  soil 
is  deep  and  fertile.     The  country  rock  is  a  limestone. 

The  creek  has  a  fall  of  about  400  feet  between  Johnson  City  and  its 
mouth.  The  water  is  used  by  two  small  mills,  too  small  to  be  of 
importance,  and  there  is  no  definite  information  concerning  them  at 
hand.  It  is  probable  that  this  creek  reached  its  minimum  stage  in 
September,  1900,  when  it  was  discharging  about  5  second-feet.  Dur- 
ing floods  it  rises  about  3  feet  above  low-water  mark  at  its  mouth. 

SINKING  CREEK. 

The  upper  or  second  Sinking  Creek,  which  enters  from  the  south, 
is  the  next  tributary.  It  drains  a  narrow  area  between  10  and  11 
miles  long,  about  three-fourths  of  the  lower  part  of  which  is  cleared. 
Its  headwaters  drain  the  northwestern  slopes  of  the  Buffalo  and  the 
Cherokee  mountains,  a  rough  and  rugged  area,  densely  forested.  The 
characteristics  of  soil  and  topography  over  the  lower  part  of  the  basin 
ai-e  in  every  way  similar  to  those  of  the  basin  of  Brush  Creek.  The 
stream  was  very  low  at  the  time  it  was  visited,  early  in  October, 
attaining  its  lowest  stage  during  that  montli.  It  was  canying  4 
second-feet  when  measured  on  October  4.  During  floods  it  rises 
about  2  feet. 

BUFFALO   CREEK. 

Buffalo  Creek,  tne  next  tributary,  drains  a  much  larger  area  than 
either  Brush  Creek  or  Sinking  Creek.  The  greater  part  of  its  drain- 
age basin  consists  of  low,  flat,  and  rounded  hills,  for  the  most  part 
grass  covered.  Probabl}'  from  85  to  90  per  cent  of  the  lower  portion 
of  the  basin  is  cleared ;  but  as  the  stream  is  ascended  the  country 
becomes  more  rugged,  being  very  steep  and  mountainous  near  the 
lieadwaters,  and  is  largely  covered  with  forest,  though  it  is  probable 
that  three-fourths  of  the  entire  area  drained  by  the  stream  is  cleared. 
It  is  in  the  basin  of  this  stream  that  the  great  number  of  sinks  which 
have  heretofore  been  mentioned  as  occurring  near  Milligan  are  to  be 
found.  These  sinks  occur  from  Milligan  to  the  east  and  southeast  as 
far  as  Gap  Creek.  At  the  time  of  the  fall  visit  (October  4,  1900)  the 
stream  had  reached  its  lowest  stage  of  flow  (10  second-feet).  Its 
maximum  flood  rise  is  about  3  feet. 
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Buffalo  Creek  has  three  small  tributaries — Dry  Creek,  Toll  Creek, 
and  Powder  Branch — all  of  which  enter  from  the  southeast. 

GAP  GBEBK. 

Gap  Creek,  the  next  tributary  entering  the  Watauga  from  the  south, 
has  a  drainage  basin  which  seems  in  every  way  similar  to  that  of 
Buffalo  Creek,  with  the  exception  that  no  sinks  were  seen.  This 
stream  reached  its  minimum  stage  in  the  fall  of  1900.  When  meas- 
ured on  October  4  it  was  discharging  3  second-feet.  Its  flood  rise 
is  about  3  feet  at  the  mouth. 

DOE  RIVER. 

The  most  important  tributary  received  by  Watauga  River  is  Doe 
River,  which  rises  in  the  high  and  mountainous  area  to  the  west  and 
north  of  Roan  High  Knob,  and  flows  in  a  general  northerly  and  north- 
westerly direction,  joining  the  Watauga  at  Elizabethton,  Tenn.  Near 
the  mouth  of  the  stream  probably  one-forth  or  more  of  the  valley  is 
cleared  land,  the  cleared  areas  being  the  level  bottom  or  terrace  land 
immediately  along  the  river;  but  about  2  miles  above  Elizabethton 
the  gorge  of  the  Doe  begins,  and  from  that  point  to  Allentown  the 
river  flows  in  a  very  narrow  channel  carved  out  by  its  waters  from  the 
solid  rock,  which  rises  on  either  side  in  precipitous  walls  several  hun- 
dred feet  high.  Near  Allentown,  where  Doe  River  is  joined  by  the 
Laurel  Fork  and  Little  Doe  River,  there  is  a  considerable  ai*ea  of 
open  and  level  arable  land  rimmed  about  by  high  and  steep  mountains. 
Above  that  place  the  gorge  of  the  Doe  becomes  more,  pronounced,  the 
sides  rising  higher  and  more  steeply  above  the  water,  and  the  scenery, 
though  confined,  is  very  much  grander  than  that  of  the  lower  gorge. 
A  view  in  the  upper  gorge  is  shown  in  PL  XXIII.  Throughout  the 
gorge  the  fall  averages  nearly  or  quite  100  feet  to  the  mile,  the  greater 
part  of  it  being  in  rapids;  sudden  plunges  are  rare.  Power  in  large 
amounts  could  be  obtained  here.  Above  the  gorge  the  fall  averages 
about  half  as  much,  being  about  50  feet  to  the  mile. 

The  water  power  of  Doe  River  is  used  at  only  two  places.  At  Eliza- 
bethton water  is  taken  from  the  stream  above  the  town  and  is  used  in 
the  operation  of  a  small  cotton  mill  and  several  small  gristmills.  A 
small  woolen  mill  is  also  sometimes  operated  by  power  derived  from 
the  stream.  The  largest  consumer  of  power  was  a  woolen  mill  which 
was  burned  several  years  ago  and  has  not  been  rebuilt.  Near  Roaii 
Mountain  Station  there  is  a  small  lumber  mill  using  three  turbines 
working  under  a  head  of  12  feet,  but  the  amount  of  iwwer  developed 
could  not  be  ascertained. 

lAtUe  Doe  River, — This  stream,  which  is  tributary  to  Doe  River  at 
Allentown,  drains  an  area  in  all  resi)ects  similar  to  that  drained  by 
the  main  stream  above  the  junction,  being' very  mountainous  and 
largely  forest  covered.     So  far  as  could  be  ascertained  there  is  prac- 
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tically  no  cleared  land  above  2  miles  from  its  mouth.  None^f  the 
power  of  the  river  is  utilized.  The  time  of  minimum  flow  was  in 
September,  1900.    The  flood  rise  at  the  mouth  is  about  4  feet. 

Laurel  Fork, — The  next  important  tributary  of  Doe  River  is  the 
liaurel  Fork,  which  joins  it  at  Allentown,  draining  an  area  similar  to 
that  drained  by  the  main  stream  and  by  the  Little  Doe.  The  Laurel 
Fork  has  a  large  fall  and  carries  a  considerable  quantity  of  water, 
which  is  used  at  Allen  town  by  a  small  sawmill,  and  just  above  that 
place  by  a  combined  sawmill  and  gristmill  using  a  small  amount  of 
power  and  a  fall  of  16  feet.  Another  mill  is  reported  farther  upstream. 
It  is  stated  that  active  lumbering  operations  are  now  in  progress  over 
the  basin  of  the  Laurel  Fork  and  that  much  timber  has  been  cut. 

STONY   CREEK. 

The  next  tributary  of  the  Watauga  is  Stony  Creek,  which  enters 
the  river  from  the  northeast  and  drains  a  long  and  broad  valley  con- 
taining a  larger  proportion  of  cleared  and  cultivated  land  than  eitlier 
of  the  streams  just  descril>ed.  The  cleared  land,  however,  is  confined 
to  the  level  bottoms  bordering  the  creek  and  to  the  first  bench  or  ter- 
race— this  being  all  that  is  susceptible  of  cultivation,  so  it  is  said — 
and  amounts  to  only  about  one-eighth  of  the  whole,  the  remainder  of 
the  basin  being  steep,  rugged,  and  forest  covered.  At  the  time  of 
the  October  visit  the  stream  was  said  to  liave  reached  a  point  lower 
than  ever  l>efore  known.  It  was  then  carrying  16  second-feet.  The 
high-water  mark  is  about  6  feet  above  its  level  at  that  time. 

The  average  fall  of  the  stream  is  large,  and  its  waters  are  used  bj^ 
several  mills,  all  small,  the  first  one  being  located  close  to  the  mouth 
of  the  creek  and  using  a  fall  of  10  feet,  the  power  developed  l)eing 
estimated  at  about  12  horsepower.  The  second  mill  is  a  short  dis- 
tance above  and  is  a  small  corn  mill  operat^ed  by  a  homemade  wheel 
developing  an  unknown  amount  of  power.  The  third  mill  is  about  a 
mile  above  the  mouth  of  the  stream  and  is  a  small  combined  sawmill 
and  gristmill  using  a  small  amount  of  i>ower. 

ROAN  CREEK. 

There  is  no  other  important  tributary  of  the  Watauga  until  Roan 
Creek  is  reached.  The  watershed  of  this  stream,  which  joins  the 
river  at  Butler,  Tenn.,  is  in  the  area  between  the  Stone  Mountains  on 
the  north  and  Snake  Mountain  on  the  south.  The  main  stream  rises 
near  Snake  Mountain  and  flows  in  a  general  northerly  direction  for 
7  or  8  miles,  when  it  is  joined  by  Forge  and  Town  creeks — streams 
which  rise  in  the  Stone  Mountains  and  flow  to  the  south — and  turns 
to  the  southwest,  flowing  in  that  direction  until -its  junction  with  the 
Watauga.  In  the  latter  portion  of  its  course  it  receives  one  large 
tributary.  Doe  Creek.  Roan  Creek  drains  a  very  large  area,  known 
as  Johnson  County  Cove,  which  has  already  been  somewhat  briefly 
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described  (p.  38).  The  immediate  valley  of  the  creek  contains  prac- 
tically all  of  the  cleared  land  in  its  basin,  though  small  areas  have  been 
cleared  on  some  of  its  minor  tributaries  where  the  land  is  sufficiently 
level  for  cultivation.  All  of  the  timbered  area  is  still  in  luxuriant 
forest  growth,  consisting  principally  of  oak  and  chestnut,  though 
maple,  locust,  pine,  spruce,  hemlock,  poplar,  and  similar  trees  are 
found.  Probably  76  per  cent  of  the  area  is  still  wooded.  Near  the 
mouth  of  the  stream  the  valley  is  very  narrow  and  the  proportion 
of  cleared  land  seems  smaller  than  farther  toward  the  headwaters, 
where  the  basin  bears  a  close  resemblance  to  the  country  along  the 
South  and  Middle  forks  of  the  Holston,  being  rather  level  and  com- 
posed of  low,  grass-covered  hills,  which  are  largely  cleared.  The  moun- 
tainous areas  are  high  and  steep,  showing  a  gi-eat  deal  of  exposed  rock 
and  being  in  places  densely  forested. 

The  fall  of  Roan  Creek  is  considerable,  being  about  400  feet  between 
the  mouth  of  Doe  Creek  and  a  point  about  2  miles  below  Mountain 
City,  Tenn.,  a  distance  of  10  miles,  making  the  average  fall  40  feet  to 
the  mile.  Between  Shoun  Crossroads  and  the  mouth  of  Mill  Creek, 
however,  the  fall  is  much  less,  and  there  are  stretches  where  the  cur- 
rent is  very  sluggish  and  the  stream  placid.  The  country  rock  is 
no  longer  a  limestone — quartz  rock,  gneiss,  and  slate  having  made 
their  appearance.  Although  this  stream  drains  so  large  an  area  and 
has  so  great  a  fall  its  waters  are  used  by  very  few  mills. 

The  first  mill  on  the  stream  is  the  roller  flour  mill  operated  by  Cole 
&  Scott,  a  short  distance  alwve  Butler,  which  has  a  cajMicity  of  30 
barrels  a  day  and  is  operated  by  a  turbine  working  under  a  head  of 
12  feet.  The  next  mill  is  14  miles  alwve  Butler  and  is  a  combined 
gristmill  and  sawmill  using  a  fall  of  12  feet  and  a  very  small  amount 
of  power.  The  only  other  mill  on  the  stream  is  Baker's  gristmill, 
opposite  Rhea  Forge,  where  there  is  a  fall  of  18  feet. 

Roan  Creek  reached  its  minimum  stage  during  the  fall  of  1000.  It 
was  measured  on  August  13  and  was  carrying  5.2  second-feet.  The 
average  flood  rise  is  about  5  feet,  though  there  are  recoixls  of  a  much 
higher  rise  in  1861  and  in  1870,  when  the  stream  rose  to  a  height  of  8 
feet. 

Doe  Creek. — This  stream  rises  near  Mountain  City,  Tenn.,  and  flows 
in  a  direction  generally  parallel  to  the  coui*se  of  Roan  Creek,  from 
which  it  is  separated  by  Doe  Mountain,  joining  that  stream  about  C 
miles  above  Butler.  It  drains  a  broad,  flat  valley  which  forms  a  part 
of  Johnson  County  Cove,  and  furnishes  more  utilized  power  than  Roan 
Creek,  its  waters  being  used  for  the  operation  of  seven  small  mills. 

Mill  Creek, — Of  the  numerous  small  streams  tributary  to  Roan 
Creek  from  the  east  and  southeast  none  seen  were  of  sufficient  impor- 
tance to  justify  gaging  with  the  exception  of  Mill  Creek,  which  enters 
from  the  southeast  near  Baker  Gap.  This  creek  was  gaged  near  its 
mouth  and  its  drainage  basin  was  traveled  from  end  to  end.     Near 
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Roan  Creek  the  proportion  of  cleared  land  is  very  small,  bnt  farther 
up  the  basin  widens,  and  near  the  stream  all  the  land  has  been  cleared 
and  is  cultivat.ed  in  corn  and  wheat  or  sodded  in  grass.  The  cleared 
land  amounts  to  between  one-fourth  and  one-third  of  the  total  area 
drained  by  the  stream.  About  100  yards  above  the  mouth  of  the  ci*eek 
is  Wilson's  gristmill,  a  small  mill  containing  two  runs  of  stones,  one 
for  com  and  one  for  wheat,  the  power  necessary  }>eing  developed  by 
a  16-foot  overshot  wheel  of  about  30  inches  face,  jielding  about  12 
horsepower. 

Toivn  Creek, — This  was  the  only  other  tributary  of  Roan  Creek  that 
was  gaged.  It  was  measured  at  Shoun  Crossroads.  There  is  one 
small  mill  on  the  creek  containing  two  runs  of  stones,  one  for  com 
and  one  for  wheat,  and  using  5  or  G  horsepower,  which  is  developed 
by  an  undershot  wheel. 

ELK   CREEK. 

The  next  important  tributary  of  Watauga  River  is  Elk  Creek  (see 
PI.  XXIV),  which  rises  at  Banner  Elk  Creek,  on  the  slopes  of  the 
mountain  known  as  Hanging  Rock,  and  flowing  in  a  general  direction 
a  little  north  of  west  is  joined  near  Elk  Park  by  Cranberry  Creek  and 
Little  Elk  Creek,  after  which  it  turns  to  the  north,  entering  Watauga 
River  about  2  miles  above  Butler.  A  gaging  station  was  established 
on  this  stream  at  Lineback,  not  far  above  the  mouth,  where  daily  read- 
ings of  the  stage  of  the  water  surface  have  been  made. 

The  average  fall  per  mile  throughout  its  length  is  very  great,  the 
lieadwaters  being  at  an  elevation  of  about  4,000  feet  above  sea  level. 
Near  the  mouth  the  fall  seems  to  be  less  than  the  average,  and  there 
are  large  areas  of  cleared  land  and  broad,  level  bottoms,  from  which, 
however,  the  wooded  mountain  slopes  rise  very  sharply  to  consider- 
able heights.  There  are  small  tracts  of  cleared  land  as  far  up  the 
stream  as  Elk  Mills.  Between  that  place  and  the  North  Carolina  line 
there  is  practically  no  clearing,  but  beyond  the  State  line  the  country  is 
more  thickly  settled  and  the  areas  of  cleared  land  are  more  numerous. 
The  latter  are,  however,  of  little  importance  compared  to  the  total 
area  of  the  drainage  basin.  No  accurate  estimate  of  the  relative 
proportions  of  the  wooded  and  cleared  lands  could  be  obtained,  but 
it  seems  safe  to  say  that  the  amount  of  clearing  is  less  than  5  per  cent 
of  the  are*4. 

The  amount  of  power  along  this  stream  is  very  great,  but  no 
attempts  have  been  made  to  utilize  it,  and  it  seems  improbable  that 
efforts  in  that  direction  will  be  made  for  many  yeai-s  to  come,  unless 
some  sawmill  requires  power  to  cut  the  timber  which  exists  in  such 
abundance  over  the  basin.  Perhaps  the  most  noteworthy  of  the 
powers  is  Elk  Falls  (see  PL  XXV),  where  there  is  one  of  the  most 
picturesque  bits  of  scenery  to  be  found  in  this  country.  Here  there 
is  a  straight  plunge  of  26  or  28  feet,  and  in  the  first  mile  below  it  the 
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river  falls  53  feet  more,  while  in  the  4  miles  above  it  the  fall  averskges 
100  feet  to  the  mile. 

Above  the  latter  point  and  as  far  as  Banners  Elk  there  are  numer- 
ous shoals  and  rapids  which  would  furnish  small  and  compact  powers 
with  from  10  to  40  feet  fall;  but  there  is  no  demand  for  power  in  the 
present  state  of  the  country.  Near  the  headwaters,  and  in  particu- 
lar near  Banners  Elk,  the  fall  in  the  stream  is  very  slight,  the  creek 
flowiug  through  semimarshy  areas  and  swampy  meadows  or  peaty 
bogs  covered  witb  a  dense  growth  of  laurel,  and  the  mountain  slopes 
are  covered  with  line  timber,  spruce  predominating,  though  many 
other  varieties  occur. 

Throughout  the  basin  the  slopes  are  without  exception  steep,  rang- 
ing as  high  as  50  degrees  in  some  cases,  and  seem  to  be  covered  with 
a  deep  soil.  The  country  rock  over  the  lower  part  is  a  limestone,  that 
of  the  upper  part  gneiss  and  quartz  rock.  The  soil  of  the  immediate 
valley  is  fertile  and  well  adapted  to  agriculture,  the  principal  crops 
being  grass,  coru,  and  wheat,  with  some  buckwheat  and  sorghum 
cane.     Many  varieties  of  very  fine  apples  are  also  grown. 

The  area  being  so  largely  forested  the  flow  of  the  stream  is  lai^, 
the  water  never  falling  very  low  nor  rising  to  great  height*,  and 
though  the  slopes  are  steep  the  high  water  lasts  several  days.  The 
creek  rises  about  5  feet  at  the  moiith.   ■ 

The  famous  iron  mills  at  Cranberry  ai'e  located  within  the  basin  of 
this  stream. 

The  next  stream  tributary  to  the  Watauga  is  Beech  Creek,  which 
rises  on  the  northern  slopes  of  Beech  Mountain,  at  an  elevation  of 
about  5,000  feet,  and  flows  in  a  general  northwesterly  direction,  joining 
the  river  about  4  miles  above  the  State  line.  It  drains  a  considerable 
area  of  steep,  high,  and  densely  forested  mountain  slopes,  a  very 
small  proportion  of  the  land  being  cleared.  The  cleared  areas  are 
confined  exclusively  to  a  small  tract  in  the  basin  of  Fogey  Creek, 
which  joins  Beech  Creek  a  short  distance  above  its  mouth,  and  to  some 
of  the  narrow  bottoms  and  small  hills  along  the  main  stream  for  2  or 
3  miles  above  its  mouth.  The  total  area  cleared  amounts  to  possibly 
5  per  cent  of  the  whole  basin.  Near  the  mouth  of  the  stream  the 
country  rock  seems  to  be  a  very  good  quality  of  granite,  but  as  the 
creek  is  ascended  this  soon  gives  place  to  gneiss.  The  stream  never 
falls  very  low,  and  during  high  water  it  rises  about  4  feet  at  the 
mouth,  that  being  the  elevation  of  the  highest  mark  that  was  found. 

BEAVERDAM  CREEK. 

Beaverdam  Creek,  the  next  tributary  entering  from  the  north,  rises 
near  Baker  Gap  and  Locust  Gap,  and  flowing  in  a  general  southeast- 
eri}^  direction  joins  the  Watauga  just  to  the  west  of  the  small  moun- 
tain known  as  Dyer  Knob.     For  a  mile  or  more  above  its  mouth  this 
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stream  is  in  a  deep  gorge,  the  sides,  which  are  very  steep,  rough,  and 
rocky,  and  entirely  wooded,  rising  from  the  water's  edge.  The  fall 
of  the  stream  in  this  gorge  is  considerable.  None  of  it,  however,  is 
now  used,  but  the  remains  of  an  old  mill  are  to  be  seen.  In  this  sec- 
tion and  for  some  distance  above  Leander  active  timbering  operations 
are  now  in  progress,  but  so  far  very  little  timber  seems  to  have  been 
cut.  Above  this  the  valley  widens,  the  hills  are  lower  and  the  slopes 
less  steep,  and  much  of  the  land  is  cleared  and  under  cultivation  in 
grass  or  grain.  On  the  fork  which  rises  near  Baker  Gap  almost  all  of 
the  land  is  cleared  except  the  tops  of  the  hills  and  probably  one-half 
or  more  of  the  country  drained  by  the  other  forks.  Of  the  total  area 
drained  by  Beaverdam  Creek  probably  oi«&-half  is  cleared  land,  with 
a  deep  and  fertile  soil.  The  stream  attained  its  minimum  flow  in  the 
fall  of  1900.     The  maximum  rise  at  its  mouth  is  about  4  feet. 

LAUREL  CREEK. 

Laurel  Creek  is  the  next  stream  of  importance  to  join  the  Watauga. 
It  enters  from  the  south,  after  draining  a  large  basin.  The  creek 
valley  is  very  rough  and  inaccessible  for  about  2  miles  above  its 
mouth,  the  gorge  being  deep  and  the  sides  in  many  cases  sheer  walls 
of  rock.  The  fall  in  this  distance  is  very  great,  being  600  or  700  feet. 
Above  this  the  fall  is  much  less,  though  it  is  still  large,  and  a  small* 
part  of  the  area  has  been  cleared  and  placed  under  cultivation,  the 
clearing  being  confined  to  the  comparatively  level  lands  lying  near 
the  stream  and  amounting  to  probably  about  5  per  cent  of  the  whole 
basin.  The  hillside  slopes  are  steep  and  forested  and  the  soil  is  gen- 
erally deep  and  fertile,  although  in  some  places  it  is  shallow  and  full 
of  rock  fragments.  Along  the  upper  x)ortions  of  the  stream  the  soil  is 
swampy  in  places  and  seemingly  quite  acid  and  in  its  present  state 
unsuitable  for  cultivation. 

Extensive  lumbering  operations  have  been  begun  in  this  basiu  and 
much  timber  has  been  cut  on  the  hillsides,  a  great  many  logs  being 
seen  in  the  stream  channel  awaiting  high  water  to  carry  them  down- 
stream. 

It  is  said  that  this  stream  has  never  before  reached  a  stage  of  flow 
as  low  as  during  the  summer  of  1900.  The  average  flood  height  at 
the  mouth  is  about  5  feet. 

COVE  CREEK. 

Cove  Creek,  which  enters  the  river  from  the  north,  is  the  principal 
tributary  in  this  part  of  its  course  and  one  of  the  largest  entering  the 
stream.  It  rises  near  State  Line  Gap  and  flows  in  a  general  southerly 
direction  for  14  or  15  miles,  draining  a  broad  and  very  fertile  valley, 
which  in  comparison  with  the  larger  part  of  the  watershed  of  Watauga 
River  is  thickly  settled.  It  is  estimated  that  about  one-third  or  a 
little  more  of  the  basiu  is  cleared  land,  largely  in  grass,  as  stock 
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raising  is  the  principal  industry  throughont  this  country^  as  it  is 
farther  to  the  north.  Throughout  this  valley,  with  the  exception  of 
the  mountain  slopes  to  the  east  and  west,  the  hillside  slopes  are  rather 
gentle — rarely  reaching  30  degrees,  the  average  being  not  more  than 
20  degrees — and  the  bottom  lands  are  broad,  with  a  deep  and  fertile 
soil.  While  the  soil  of  the  hillsides  is  less  fertile,  it  produces  very 
good  crops  of  wheat  and  corn.  From  an  agricultural  standpoint  the 
basin  of  this  stream  seems  to  be  more  valuable  than  any  part  of  the 
watershed  of  the  Watauga  yet  described. 

At  times  the  creek  reaches  a  very  low  stage  of  flow,  but  never  lower, 
it  is  said,  than  that  attained  during  the  summer  and  autumn  of  1900. 
The  average  maximum  i^ise  at  the  mouth  is  about  5  feet;  6  feet  is 
sometimes  reached,  and  there  is  one  report  of  a  rise  of  8  feet  several 
years  ago,  probably  when  a  destructive  flood  affected  the  entire  basin 
of  the  river. 

DUTCH  CREEK. 

Above  Cove  Creek  the  first  tributary  is  Dutch  Creek,  which  enters 
the  river  at  Valle  Cruces.  This  creek  rises  on  the  southern  slofies  of 
Hanging  Rock  and  flows  in  a  general  northerly  direction,  draining 
an  area  which  is  very  largely  forest  covered,  containing  not  more  than 
20  per  cent  of  cleared  land,  which  is  for  the  most  part  confined  to  the 
comparatively  level  land  immediately  along  the  creek.  The  moun- 
tain slopes  are  high,  steep,  and  quite  rugged,  and  are  covei-ed  vrith 
the  original  dense  forest  growth.  Like  the  other  streams  of  the 
region,  the  creek  reached  its  lowest  stage  during  the  summer  of  1900. 
Its  maximum  rise  at  the  mouth  is  from  3  to  4  feet. 

LAUREL  CREEK. 

Laurel  Creek  is  a  small  tributary  entering  the  Watauga  from  the 
northeast,  about  2  miles  north  of  Shulls  Mill.  It  drains  a  very  small 
area,  but  carries  a  large  quantity  of  water  in  comparison  with  the 
area  drained,  the  basin  being  almost  entirely  forest  covered.  The 
cleared  land  is  confined  to  a  few  small  areas  close  to  the  river,  these 
forming  less  than  one-eighth  of  the  basin.  The  hillside  slopes  are 
rugged,  steep,  and  very  rocky,  and  for  the  most  part  are  covered  with 
a  dense  forest  growth.  The  stream  reached  its  minimum  flow  during 
the  summer  of  1900.     It  rises  3  feet  in  its  maximum  floods. 

BOONE  FORK. 

Immediately  above  Shulls  Mill  the  Watauga  is  divided  into  two 
forks,  the  one  to  the  east  being  known  as  the  Boone  Fork  and  the  one 
to  the  west  as  Watauga  River.  The  Boone  Fork  rises  on  the  eastern 
slope  of  Grandfather  Mountain  and  after  flowing  almost  due  east  for 
3  or  4  miles  turns  to  the  north  and  flows  in  that  direction  for  about  4 
miles,  or  to  its  junction  with  the  main  fork  of  the  Watauga.     There 
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are  no  roads  along  this  stream,  and  its  entire  basin  is  inaccessible. 
The  information  that  was  gathered  concerning  it  was  obtained  from 
persons  dwelling  in  the  countrj''  near  by.  The  stream  has  a  great 
fall,  the  headwatera  rising  at  an  elevation  of  about  5,000  feet,  while 
the  elevation  at  the  junction  with  the  Watauga  is  about  2,950  feet. 
Approximately'  1,000  feet  of  this  is  concentrated  in  the  first  mile  below 
the  head  of  the  stream,  making  the  average  fall  per  mile  below  that 
point  between  165  and  170  feet.  So  far  as  could  be  learned  none  of 
the  fall  is  used  except  by  the  Stonewall  mill,  a  small  sawmill  and 
gristmill  just  above  the  junction  with  the  Watauga.  The  sawmill  is 
operated  by  a  Leffel  turbine  yielding  15  horsepower  under  a.  head  of 
12  feet,  which  at  low  stages  of  the  stream  requires  practically  all  of 
the  water  flowing.  The  gristmill  is  operated  by  three  homemade 
center-discharge  wheels  working  under  the  same  head,  but  the  amount 
of  power  given  off  by  them  could  not  be  ascertained. 

The  entii-e  area  drained  by  the  Boone  Fork  is  high,  rugged,  and 
very  mountainous,  almost  entirely  covered  with  a  dense  and  luxuri- 
ant forest  growth.  The  soil  is  deep  and  porous,  holding  back  the 
storm  waters  to  some  extent  and  feeding  them  out  gradually  to  the 
stream,  which  has  a  large  flow,  never  falling  very  low.  Notwith- 
standing the  great  slope  of  the  stream  bed  and  of  the  hillside  slopes, 
the  floods  are  not  so  violent  as  would  be  expected. 


In  Part  II  of  this  paper,  published  as  Water-Supply  and  Irrigation 
Paper  No.  63,  will  be  found  descriptions  of  the  drainage  basins  and 
water  powers  of  the  Nolichucky,  the  French  Broad,  the  Saluda,  the 
Broad,  the  Catawba,  the  Yadkin,  the  New,  and  other  streams  of  the 
region. 

[For  index,  see  end  of  Part  II,  Water-Supply  Paper  No.  63.] 
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HYDROGRAPHY  OF  THE  SOUTHERN  APPALACHIAN 

MOUNTAIN  REGION. 


PART    II, 


By  Henry  A.  Pressey. 


DRAINAGE  BASINS— Continued.* 
NOLICHUCKY  RIVER. 

PHYSICAL  FEATURES. 

This  river  is  formed  by  the  junction  of  Toe  River  and  Caney  River 
about  8  or  9  miles  east  of  the  Tennessee  State  line.  Toe  River  is 
formed  by  the  union  of  the  North  Toe  and  the  South  Toe  between 
Sevenmile  Ridji;e  and  the  Burn  Mountains.  The  area  drained  by  the 
Nolichueky  in  North  Carolina  is  in  the  high  mountains  within  the 
limits  of  Yancey  and  Mitchell  counties. 

Yancey  County  is  preeminently  mountainous,  the  Black  Mountains 
penetrating  it  from  the  southeast  and  extending  to  its  center,  or  to 
near  Bumsville.  The  great  Unaka  Range  separates  the  county  from 
Tennessee,  and  numerous  cross  chains  intersect  its  surface  in  all 
directions,  leaving  very  little  valley  land  except  along  the  banks  of 
the  streams.  As  elsewhere  in  the  region,  the  mountains  here  are  fer- 
tile to  the  top,  being  covered  with  a  deep  and  friable  soil  which  bears 
trees  of  great  size,  and  where  cultivated  produces  all  of  the  grains 
and  grasses,  as  well  as  very  excellent  fruits,  the  apples  being  especially 
fine.     Cattle  raising  is  an  important  industry. 

Mitchell  County  lies  between  the  Blue  Ridge  on  the  south  and  east 
and  the  Unakas  on  the  north,  and  like  Yancey  County  is  very  moun- 
tainous, there  being  little  valley  land  except  along  the  headwaters  of 
Toe  River.  The  cultivated  lands  are  very  fertile.  All  of  the  cereals 
grow  well,  grasses  flourish,  and  fruits  of  ver}'^  fine  quality  are  produced 
in  abundance. 

The  tributaries,  like  the  main  stream,  rise  near  the  summits  of  the 
mountain  chains  and  flow  over  rocky  and  precipitious  beds  through 
narrow  valleys.  One  of  these  rocky  stream  beds  is  shown  in  PL 
XXVI,  a  view  of  Cane  Creek,  one  of  the  large  tributaries  of  the 
Nolichueky. 
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The  river  first  flows  almost  north  for  several  miles,  then  tnrns 
toward  the  northwest  and  flows  in  a  deep  gorge  through  the  Unaka 
Mountains  (see  PI.  XXVII)  and  into  Tennessee,  where  preserving  its 
general  westerly  direction  it  finally  enters  French  Broad  River  about 
7i  miles  southeast  of  Morristown,  draining  a  total  area  of  640  square 
miles  above  the  Tennessee  line,  comprising  almost  all  of  Mitchell 
County  and  all  of  Yancey  County.  It  leaves  the  mountains  near 
Embreville,  Tenn.,  which  was  the  western  limit  of  the  investigation, 
although  some  observations  were  made  of  the  character  of  the 
country  lying  to  the  west,  sufficient  to  establish  the  fact  that  it 
differed  in  no  important  respects  from  the  area  already  described  as 
the  Valley  of  East  Tennessee. 

None  of  the  small  closed  drainage  basins  or  sinks  which  are  so 
numerous  in  the  valley  of  the  Holston  were  seen  in  the  basin  of  the 
Nolichucky,  but  there  seems  to  be  a  greater  number  of  large  springs. 

RAINFALL. 

The  rainfall  over  the  basin  is  about  51.2  inches  per  annum,  11.4 
inches  of  which  falls  in  the  spring,  15.7  inches  in  the  summer,  11.6 
inches  in  the  autumn,  and  13.5  inches  in  the  winter.  The  whole  area 
is  subject  to  sudden  and  violent  rains,  producing  great  floods,  while 
in  the  winter  the  ice  moving  downstream  sometimes  forms  ice  dams 
which  do  a  great  deal  of  damage.  The  streams  are  therefore  of  much 
less  value  as  sources  of  power  than  they  otherwise  would  be.  The 
effect  of  floods  on  the  Nolichucky  is  shown  in  PI.  XXVIII. 

FORESTS. 

A  very  large  part  of  the  basin  is  still  covered  with  the  original  forest. 
It  is  estimated  that  of  the  640  square  miles  in  North  Carolina  78  per 
cent  is  forested,  owing,  doubtless,  to  the  inaccessibility  of  the  country. 
It  is  thought,  however,  that  deforestation  will  begin  in  the  near  future, 
since  in  the  summer  of  1900  the  Ohio  River  and  Charleston  Railroad 
was  completed  as  far  as  the  mouth  of  Caney  River,  and  it  is  probable 
that  the  area  drained  by  that  stream  will  be  lumbered  at  once,  as 
already  small  spasmodic  efforts  in  that  direction  have  been  made. 
Small  sawmills  run  by  water  power  have  been  built  on  a  number  of 
the  smaller  tributaries,  and  in  a  few  instances  splash  dams  have  been 
constructed  for  the  purpose  of  driving  the  logs  over  the  rocky  ledges 
of  the  mountain  streams.  PI.  XXIX,  A,  shows  a  splash  dam  on  Little 
River,  Tennessee,  which  raises  the  water  35  feet.  PL  XXIX,  By  shows 
a  characteristic  combined  sawmill  and  gristmill  of  Yancey  County, 
with  its  immense  overshot  wheel. 

MINERALS. 

The  area  is  very  rich  in  minerals,  Mitchell  and  Yancey  counties^  as 
already  stated,  furnishing  a  large  part  of  the  world's  supply  of  mica. 
Many  varieties  of  gems  also  occur,  such  as  emerald,  aquamarine. 
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amethyst,  and  tourmaline.  Some  corundum  has  been  found,  and 
there  are  large  deposits  of  iron  ore,  notably  in  the  small  stream  valley 
of  Bumpass  Cove,  where  the  iron  is  mined  to  supply  the  furnace  at 
Embreville,  which  has  a  capacity  of  150  tons  of  pig  iron  a  day. 


DISCHARGE  MEASUREMENTS. 

During  the  investigation  a  temporary  gaging  station  was  established 
on  the  Kolichucky  near  Chucky  Valley,  Tenn.,  where  gage-height 
readings  were  maintained  and  measurements  were  made  as  shown  in 
the  following  table.  The  river  was  also  gaged  near  Erwin,  Tenn.,  and 
numerous  miscellaneous  measurements  were  made  on  its  tributaries, 

as  shown  by  the  table  on  pages  108  and  109. 

Discharge  mecunirements  of  Nolichucky  River, 


Date. 


1900. 
Sept.  6 

Sept.ao 

Oct.  15 
Nov.  10 
An«.  23 
Sept.  4 


Locality. 


Near  Chiicky  Valley,  Tenn 


do 

do 

do 

Near  Erwin,  Tenn 
do. 


Hydrographer. 


L.  V.  Branch  and  E.  W. 
Myers. 

!"I*do"!!"I"'l"IllirjJ'! 

do 

L.V.Branch 

do 


Gaffe 
leiehl 


heignt. 


Dis- 
charge. 


Feet. 
2.0 


Sec- ft. 
302 


2.18 

442 

2.0 

378 

2.9 

919 

2U.e7 

770 

21.53 

411 

Note.— At  regular  stations  of  the  Geological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  Increase  In  the  gage  height  representing  an  increase  in  the  discharge 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  which  were  made  near 
Chucky  Valley.  In  making  the  measurements  near  Erwin,  however,  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  In  the  latter  cases,  therefore,  an  increase  in  the  gage  height 
means  a  lowering  of  the  water  surface  and  a  corresimnding  decrease  in  the  discharge  of  the 
stream. 

WATER  POWERS. 

The  fall  of  the  river  is  very  much  less  than  would  naturally  be 
expected  in  a  stream  draining  so  high  and  mountainous  an  area,  the 
total  fall  between  the  junction  of  the  North  and  South  Toe  and 
Embreville  being  only  about  850  feet  in  a  distance,  following  the 
course  of  the  river,  of  about  40  miles,  an  average  of  about  21  feet  to 
the  mile.  Throughout  this  part  of  its  course  the  river  flows  through 
a  gorge  with  steep  and  rocky  sides,  and  although  there  are  numerous 
places  where  dams  could  be  constructed,  and  although  the  fall  per 
mile  is  large,  the  opportunities  for  developing  the  power  are  meager, 
for  building  room  is  lacking  and  the  construction  of  raceways  would 
be  costly.  Good  railroad  facilities  exist  here,  since  an  ext^insion  of 
the  Ohio  River  and  Charleston  Railroad  passes  along  the  river  bank. 

About  1^  miles  below  the  mouth  of  Canej'  River,  where  the  stream 
is  about  200  feet  wide,  thei-e  is  a  fall  of  25  feet,  or  a  little  more,  in  a 
distance  of  a  half  mile,  but  as  elsewhere  throughout  this  portion  of 
its  course,  there  is  no  building  room  close  to  the  river,  though  sites 
could  be  found  near  the  sumiuits  of  the  hills. 
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TRIBUTARIES  OP  NOLICHUCKY  RIVSR. 
DI8CHABGB  MEASUREMENTB. 

The  drainage  basins  of  the  principal  tribntaries  of  the  Nolichiicky 
down  to  Embreville,  Tenn.,  were  visited  and  the  following  measure- 
ments were  made^  in  order  upstream : 

Discharge  measuremenU  of  tributaries  of  Noliehuek^  River. 


Dftte. 


1900. 
Anflr.2S 

Do.  . 
Sept  4 
Sept  10 
Oct.  16 

1001. 
•Tune  18 

1900. 
Auff.^ 
Sept  4 
Aug.  28 

Sept  4 
Sept  10 
Aug.  28 

Oct.  16 
Aug.  24 
Oc5t.  17 

Aug.  27 

Do... 
Jaly  2 
Aag.26 
Oct.  21 
Oct  25 
Ang.24 

Oct  19 
Ang.24 

Oct.  19 
Sept.  8 
Oct  19 
Sept  8 
Oct  19 
Aug.  24 

Oct  19 

1901. 
Oct.  21 
Oct.  22 

1900. 
Aug.  25 


Oct.  20 
Aug.  25 

Oct  20 
Aug.  25 
Aug.  26 
Oct  20 
Aug.  26 
Oct  20 
Aug.  26 
Oct  21 
Aug.  26 
Oct  21 


Stream. 


Bock  Creek 

North    Indian 
Creek. 

do 

do 

do 

do 


.do 


Martin  Creek... 

do 

South    Indian 

Creek. 

do 

do 

Hollow  Poplar 

Creek. 

do 

Toe  River 

do 

North  Toe  River. 

do 

do 

do 

do 

do 

Pigeon     Roost 
Creek. 

.....do 

Big  Bock  Creek  . 


do 

Jack  Creek . . 

do 

Pigeon  Creek 

do 

Cane  Creek . . 


IiocaUty. 


.do 


.do 
.do 


Brush  Creek. 


do 

Crabtree  Creek . . 

do 

Snow  Creek 

Bear  Creek 

.-..do 

Qrassy  Creek 

do 

Beaver  Creek . . . . 

.....do 

Threemile  Creek 
....do 


lOOvards above  month, 
UnioQi,Tenn 


Erwin,Tenn. 

do 

do 

.....do 


.do 


Near  Erwin,  Tenn 
do 


.do 

.do 
.do 


Ford  of  Erwin-BakersviUe  road, 

North  Carolina. 

do 

Near  Huntdale,  N.  C 

do , 

At  ford  of  Linville-Cranberry 

road.  North  Carolina. 

Plumtree,N.C 

Near  Spruoepine,  N.  C 

do 

.....do 

do 

At  mouth.  North  Carolina 


Hydrogr-phT.  Ij^^S^ 


V.Branch 
..do 


do 

do 

E.W.M>«ir8 
L.y.Bnuich 


E.  w.  MyevB 


L.  V.Branch 

do 

do 


do 

S.  w.  Kyers . 
L.V.  Branch. 


.....do 

Ford    of    Huntdale-Bakersville 

road,  North  Carolina. 

do 

At  mouth,  North  Carolina 

...do 

....do 

.....do 

One-half  mile  above  mouth.  North 

Carolina. 
.....do 


Bakersville,  N.C 
do 


Lower  ford  of  Burnsville- 
Spruoepine  road.  North  Caro- 
lina. 

.....do 

Ford  of  Burnsville-Spruoepine 
road,  North  Carolina. 

do 

Wing,N.C 

Flatrock,N.C 

do 

Sprucepine.N.C 

do 

Near  Spruoepine,  N.  C 

do 

Near  old  ];>ost-offloe  at  Elsie,  N.  C. 

do 


.do 
.do 
.do 
.do 


do........ 

H.  A.  Proesey 
L.  V.Branch. 
do 


.do 
.do 

.do 
.do 

do. 
.do 
do. 
.do 
do. 
.do. 

do 


E.  W.  Myers 
do 


L.V.Branch. 


.do 
.do 

.do 

.do 

.do. 

.do 

.do. 

.do. 

.do. 

.do 

.do. 

do. 


F^L 


4.58 

8.96 
4.  ID 

4.05 
4.18 


l.» 
L68 
5.88 

5.48 
5.40 
8.15 

&86 
1ft.  80 
16.12 

8.00 

7.55 


aec-ft 

37.9 

51.0 
SIO 
29.7 
All 


174.0 


7.5i 
6lI5 


18.90 
18.37 
17.15 

7.a» 

7.47 
2.42 

2.64 
6.00 
6.10 
5.86 
6.86 
9.» 

9.26 


ai 


1.30 

Lia 

7.87 

7.01 
3.08 
a76 
3.70 
5.21 
5.1j| 
4.50 
4.29 
6.S8 
5.30 


S3L2 
8S.0 
5.96 

2L61 
381.0 
8QL0 
18.0 

n.o 
aesLO 
u&o 

TB.0 

14.5 

4.12 
51.9 

24.5 

8.n 

6lS 
Ltf 

1.91 
IL^ 

9.9S 


21.05 


4.37 


azs 

15.3 

14.8 
2L0 
4.67 
&7S 
&09 
0.U 
3.21 
3L0S 


iPLASK    (]*M    ON 
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Diaeharge  measurements  of  trUmfaries  of  Noiichvch]/  Sivet^-ContixmeA. 


iqairral  Cr«ek- 
ione  Creek.. -- 


o(  North  Too 
River. 

South  Toe  Blver. 


At  month.  North  Cunllns 

Plumtree,  N.  C 

AC  month.  North  Camlliia 

One-fonrth  mile  above   mouth, 

North  Cu-oUuB. 
At  moDth,  North  CKroUnft 


-do-- 


of    Mieavlllo  -  Spmceplne 


road.  North  Carolliut. 


Middle  Creek 

—.do 

Bock  Creek... 


ford  o(  HlcATllle-Harloi)  roed, 
North  Carol  Ihb. 


-do-.' 

Ford  of  MlotvlIle-HuioD  road. 


month.  North  Carolina. . . 


Oue-fourth  mile  above  month. 

North  Carolina. 
Near  Big  Tom  Wilson's.  North 


At  month. North  Carolina... 


I  month,  NorUi 


Price  Creek ' 

do - 

Bowlema  Creek . . 
do - 

Cattail  Branch  . . ' 


k  Fork  Creek  .|  Near  Big  Tom  Wilson's,  North 


L.V.B 


NOTK.— In  maUnR  the  ma 
Ibbed  and  meB»nremeDta  n 
bench  mark  to  thu  mrface  of 
erlng  o(  the  water  snrface  i 


i.e 


ementa  recorded  in  the  above  table  bench  marks  were  estab- 
made,  hj  means  of  a  steel  tape,  of  the  distance  from  the 
water.  An  Incrvaee  In  the  gage  height,  therefore,  means  a  low- 
a  corresponding  decrease  in  the  discharge  of  the  Btrsam.  the 
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Descriptions  of  the  drainage  basins  and  water  powers  of  the  larger 
of  these  tributary  streams  are  given  on  the  following  pages,  in  order 
upstream. 

NORTH  INDIAN  GREEK. 

Around  Erwin,  Tenn.,  and  up  North  Indian  Creek  there  is  a  very 
picturesque  farming  country.  The  creek  drains  a  large  area,  the 
upper  part  of  which  is  mountainous,  with  steep  slopes,  while  near  the 
Nolichucky  it  broadens  out  into  a  fertile  valley.  The  low-water  dis- 
charge was  measured  and  found  to  be  22  second-feet.  On  this  creek, 
at  Unicoi,  Tenn.,  the  Unaka  Milling  and  Lumber  Company  has  a  large 
wood- working  plant  and  gristmill.  Their  power  (about  40  horsepower) 
is  developed  by  20-inch  and  24-inch  turbines  working  under  a  head  of 
16  feet.  Just  above  Unicoi  an  old  ore  washer  formerly  utilized  a  fall 
of  30  feet,  but  it  is  now  out  of  use.  On  Dick  Creek,  a  tributary  of 
North  Indian  Creek,  there  are  four  falls  averaging  30  to  40  feet  each. 
In  the  limestone  cove  on  North  Indian  Creek  there  are  four  gristmills 
using  the  water  power.  This  cove  is  a  widening  of  the  valley  of  the 
creek,  and  in  it  are  a  number  of  good  farms  under  cultivation.  Much 
limestone  is  found  over  this  entire  section  of  country.  Two  miles 
above  Erwin,  on  the  Nolichucky,  J.  T.  Wilder  has  a  sawmill  and  wood- 
working plant.  The  dam  across  the  stream  is  17  feet  high  and  backs 
the  water  in  the  river  three-fourths  of  a  mile.  About  80  horsepower 
is  developed  by  one  turbine. 

SOUTH  INDIAN  CREEK. 

Entering  the  river  from  the  south,  about  2  miles  above  Erwin,  is 
South  Indian  Creek,  a  stream  in  many  respects  similar  to  North 
Indian  Creek,  though  the  proportion  of  cleared  land  in  its  basin  is 
somewhat  less. 

The  creek  rises  on  the  northern  slope  of  the  Unaka  Mountains, 
draining  an  area  the  upper  part  of  which  is  made  up  of  high,  steep, 
and  rugged  mountain  slopes,  which  as  a  rule  are  very  densely  forest-ed. 
As  the  stream  is  descended,  however,  the  mountains  recede  from  it 
and  leave  broad  and  fertile  bottoms,  which  are  entirely  cleared  and 
under  cultivation,  grass,  corn,  and  wheat  being  the  principal  crops. 
The  cleared  areas  form  a  very  small  part  of  the  whole  basin,  however, 
probably  less  than  10  per  cent. 

A  great  deal  of  timber  is  being  cut  in  this  area,  particularly  near 
the  heads  of  the  smaller  tributaries  near  its  mouth,  and  there  are  sev- 
eral small  sawmills  located  on  the  creek  which  cut  part  of  this  product, 
the  remainder  being  worked  upon  the  spot  by  the  small  portable  saw- 
mills which  are  moved  from  place  to  place  as  the  timlx^r  is  cut. 

At  the  time  the  stream  was  visited  in  September,  1900,  its  discharge 
was  very  low — ^about  33  second-feet.  It  is  said  to  have  reached  a  lower 
stage  during  the  summer  and  fall  of  that  year  than  ever  before.  The 
flood  rise  at  the  mouth  is  between  7  and  8  feet. 
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HOLLOW  POPLAR  CREEK. 

This  stream,  which  receives  its  drainage  from  the  eastern  slope  of 
the  Unaka  Mountains,  has  a  low-water  flow  of  about  6  second-feet. 
Excepting  the  lower  2  miles,  where  there  are  several  small  fanns,  the 
creek  valley  is  very  narrow,  with  almost  no  land  under  cultivation. 
The  side  hills  are  steep  and  are  heavily  covered  with  timber  and  under- 
brush. The  slope  is  greater  than  that  of  either  North  Indian  Creek  or 
South  Indian  Creek,  the  total  fall  from  source  to  mouth,  a  distance  of  5 
miles,  being  about  2,000  feet.  The  fall  is  greatest  near  the  head- 
waters, where  it  is  a  mountain  stream  jumping  from  ledge  to  ledge 
down  the  side  of  the  mountain.  There  is  no  cleared  land  except  near 
its  mouth,  the  steep  slopes  being  covered  with  the  original  forest 
growth. 

NORTH  TOE  RIVER. 

The  North  Toe  rises  on  the  western  slope  of  the  Blue  Ridge,  in  the 
northeastern  part  of  Mitchell  County.  Its  course  is  circuitous,  flow- 
ing first  to  the  southwest,  then  to  the  west,  and  then  to  the  north- 
west, receiving  numerous  tributaries,  the  chief  of  which  is  the  South 
Toe,  which  unites  with  it  on  the  line  between  Mitchell  and  Yancey 
counties.  Practically  the  whole  of  Mitchell  County  is  drained  by  the 
North  Toe  and  its  tributaries,  the  Nolichucky  proper  receiving  the 
drainage  from  the  extreme  western  part  of  the  county,  a  small  part  of 
the  northeastern  section  draining  into  Elk  Creek,  a  tributary  of  the 
Watauga,  and  another  small  portion  of  the  eastern  section  being 
drained  by  Linville  River. 

The  region  of  the  headwaters  of  the  North  Toe  is  very  rough, 
with  steep  mountain  slopes  and  narrow  valleys  sparsely  populated. 
Along  Whiteoak  Creek  and  for  a  distance  on  the  main  stream  and 
the  Kentucky  Fork  above  their  junction  the  valley  is  wide  and  flat, 
but  is  heavily  timbered.  Part  of  it  is  in  a  rather  swampy  condition 
and  is  covered  with  heavy  laurel  thickets.  Below  the  mouth  of 
Whiteoak  Creek  the  mountains  close  in  and  form  a  narrow  and  steep 
gorge  as  far  down  as  Horse  Creek.  There  the  valley  widens  out  a 
little,  and  from  there  down  there  is  some  bottom  land  under  cultiva- 
tion on  each  side  of  the  river. 

The  tributaries  of  the  river  in  this  section  and  as  far  down  as 
Sprucepine  flow  directly  from  the  mountains  in  narrow  gorges.  They 
are  for  the  most  part  short  streams  with  great  fall  but  with  little 
water.  The  only  cleared  land  along  them  is  within  a  half  mile  of 
their  mouths  or  on  top  of  the  mountains  from  which  they  flow,  the 
mountain  sides  being  too  steep  for  successful  cultivation.  Through- 
out the  I'egion  from  the  head  of  the  river  and  its  tributaries  down  to 
Sprucepine  and  to  the  mountain  summits  on  either  side  probably  not 
more  than  one-sixth  of  the  land  is  cleared.     The  cleared  areas  are 
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nearly  all  planted  in  wheat  and  corn,  although  a  small  portion  is  in 
grass,  for  grazing  purposes.  A  few  miles  above  Sprucepine  the  moun- 
tains recede  from  the  river,  leaving  a  very  wide  valley,  which  extends 
down  to  the  Cane  Creek  Valley  on  the  north  side  of  the  river  and  to 
Caney  River  on  the  south  side.  This  valley  is  rather  hilly  through- 
out most  of  it«  area,  and  the  land  is  cleared  on  the  north  side 
between  Sprucepine  and  Bakersville.  On  the  south  side  most  of  the 
cleared  land  is  around  Burnsville,  although  there  are  a  number  of 
farms  near  Sprucepine  and  along  Grassy  Creek. 

One  mile  above  the  mouth  of  Pigeon  Roost  Greek  and  just  above 
the  ford  thei*e  is  a  very  good  site  for  the  construction  of  a  dam.  A 
water  power  of  considerable  magnitude  could  be  developed  here. 
Lying  tiO  the  south  of  the  main  channel  of  the  river  is  an  island  which 
rises  about  15  feet  above  the  water  level  and  is  never  overflowed,  not 
even  during  the  highest  floods.  There  is  a  heavy  fall  in  the  river,  and 
by  the  construction  of  a  dam  from  the  end  of  the  island  to  the  north 
bank  of  the  stream  all  of  the  water  could  be  turned  into  the  narrow 
channel  behind  the  island  and  a  fall  of  15  feet  or  more  be  obtained. 

Above  this  point  there  are  many  shoals,  the  river  having  a  large 
fall  throughout  that  part  of  its  course,  flowing  in  a  deep  gorge,  with 
sides  rising  at  angles  of  30  to  40  degrees.  There  are  several  small 
mills  on  the  upper  part  of  the  river,  but  the  larger  portion  of  the  power 
developed  in  the  basin  is  derived  from  the  tributaries,  the  needs  of 
the  mills  requiring  the  development  of  only  a  few  horsepower  at  any 
place.  Powers  of  considerable  magnitude,  however,  can  be  developed 
on  these  streams,  for  notwithstanding  the  amount  of  water  car- 
ried by  each  one  is  small  the  fall  obtainable  in  a  short  distance  is 
large,  and  absolutely  safe  locations  for  buildings  can  be  obtained, 
which  is  not  always  the  case  on  the  main  river. 

The  first  mill  of  any  size  on  the  North  Toe  is  just  above  the  mouth 
of  Bear  Creek.  It  is  a  gristmill,  mica-grinding  mill,  and  wood-carving 
establishment.  The  owners  have  developed  a  6-foot  fall  and  claim  to 
have  about  75  horsepower.  At  Elsie,  farther  upstream,  there  is  a 
combined  flour  mill,  sawmill,  and  gristmill  with  a  small  dam  giving 
a  10-foot  fall. 

Just  below  the  mouth  of  Plumtree  Creek  Vance  Brothers  have  a 
combined  mica  mill  and  sawmill,  using  a  large  part  of  the  low-water 
flow  in  the  river  with  a  36-inch  Samson  turbine  under  an  11-foot  head. 
Mica  is  abundant  throughout  this  district,  and  is  mined  extensively 
from  Plumtree  Creek  down  the  river  as  far  as  Big  Rock  Creek  on  the 
north  and  Caney  River  on  the  south.  In  this  district  there  are  also 
several  water  powers  developed  for  grinding  mica. 

The  swift-flowing  tributary  streams  of  the  North  Toe,  with  their 
numerous  vertical  falls,  furnish  abundant  power  for  small  mills,  and  a 
number  of  the  power  sites  have  been  developed,  though  in  a  small 
way. 
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On  Pigeon  Rooet  Creek,  which  enters  Toe  River  2  miles  above  the 
mouth  of  Caney  River  and  has  a  low-water  flow  of  about  14^  second- 
feet,  there  are  two  lai^e  mills,  the  -first  a  small  sawmill  and  gristmill 
about  100  yards  above  its  mouth,  utilizing  a  fall  of  16  feet;  the  second 
one  a  sawmill  and  gristmill  3  miles  upstream,  using  an  overshot  wheel. 

There  are  only  two  rolling  mills  in  Mitchell  County— one  on  Big 
Rock  Creek,  belonging  to  Henry  Master  and  having  a  capacity  of  30 
barrels  per  day;  the  other  on  Cane  Creek,  just  below  Bakersville, 
and  having  about  the  same  capacity.  At  Magnetic,  on  Big  Rock 
Creek,  there  is  a  large  mica  mill,  and  at  the  mouth  of  Beams  Creek 
is  located  Garland's  mica  mill,  using  a  15^inch  Leffel  wheel.  On 
Cane  Creek  there  is  a  sawmill  just  above  its  mouth,  and  at  Wing,  on 
Snow  Creek,  J.  C.  Phillips  has  a  sawmill  and  gristmill  using  two 
overshot  wheels  of  14  and  15  feet  diameter,  resi)ectively.  Above  this 
mill  there  are  two  small  gristmills  on  Snow  Creek. 

On  Crabtree  Creek,  4  miles  above  the  mouth,  there  is  a  fall  of  100 
feet,  40  feet  of  which  is  in  a  clear  vertical  leap.  Six  mica  mills,  run 
by  one  turbine  under  116  feet  head,  are  located  at  this  place.  On 
Bear  Creek  there  are  two  small  com  mills  with  a  fall  of  20  feet  and 
12  feet,  respectively.  On  Beaver  Creek  there  is  a  combined  sawmill 
and  corn  and  wheat  mill  run  by  an  overshot  wheel  and  a  Leffel  tur- 
bine with  an  18-foot  fall.  Farther  up  the  stream  there  is  a  small 
com  mill  run  by  a  16-foot  overshot  wheel. 

On  Hensons  Creek  (marked  Powdermill  Creek  on  atlas  sheet — an 
obvious  error,  for  Powdermill  Creek  is  the  unnamed  tributary  just 
above  it)  there  are  three  mills.  The  lower  one  is  a  small  gristmill 
run  by  a  tub  wheel.  Above  this  is  Houston's  sawmill,  gristmiU,  and 
planing  mill,  run  by  a  Leffel  wheel  under  a  35-foot  head.  The  upper 
mill,  Green's  sawmill,  has  an  overshot  wheel  and  23  feet  fall.  On 
Pliimtree  Creek  there  is  a  mill,  run  by  using  the  12-foot  fall  on  a  tur- 
bine wheel,  making  pins  for  telegraph  wires.  One  mile  above,  on  the 
same  creek,  there  is  a  mica  mill  using  91  feet  fall  on  a  turbine.  Still 
higher  up  on  Plumtree  Creek  there  are  four  small  corn  mills.  Pow- 
dermill Creek,  Hensons  Creek,  Roaring  Creek,  and  Squirrel  Creek, 
running  down  the  sides  of  the  mountain,  have  almost  unlimited  falls 
but  little  water.  The  discharge  of  these  streams  at  their  lowest 
stages  is  as  follows:  Hensons  Creek,  4.8  second-feet;  Powdermill 
Creek,  barely  1  second-foot;  Roaring  Creek,  16  second-feet;  and 
Squirrel  Creek,  11  second-feet. 

By  far  the  largest  tributary  of  the  North  Toe  is  Big  Rock  Creek, 
which  with  its  tributary  Little  Rock  Creek  rises  on  the  southern 
slope  of  the  Iron  Mountains,  which  form  the  dividing  line  between 
Tennessee  and  North  Carolina.  They  receive  a  large  part  of  the 
drainage  from  those  high  and  rugged  mountains,  the  culminating  peak 
of  which  is  Roan  High  Knob,  witli  an  elevation  of  6,313  feet.  Cloud- 
land,  a  noted  summer  resort  on  this  peak,  affords  one  of  the  finest 
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views  obtainable  from  any  of  the  summits  of  the  Appalachian  Moun- 
tains. Here  is  a  very  comfortable  summer  hotel,  pure  water,  cool 
climate,  and  all  that  goes  to  make  a  pleasant  and  healthful  summer 
resort.  A  narrow-gage  railroad  passes  through  Roan  Mountain  Sta- 
tion, 12  miles  from  Roan  High  Knob,  from  which  point  a  good  road 
has  been  built  up  the  mountain  side.  When  on  Roan  Mountain  the 
Black  Mountains,  Hawks  Bill,  Table  Rock  (on  Linville  River),  and 
the  mountains  of  Virginia  and  Tennessee  are  in  full  view.  One  can 
but  wonder  why  more  is  not  known  of  these  mountains  and  why  the 
visitors  are  so  few.  It  is,  however,  probably  a  matter  of  only  a  few 
years  before  this  region  will  be  one  of  the  great  mountain  resorts  of 
the  country. 

SOUTH  TOE  RIVER. 

This  river  rises  in  the  southern  part  of  Yancey  County,  N.'  C,  and 
flows  directly  north  into  the  North  Toe.  It  receives  its  drainage  from 
the  eastern  slope  of  the  Black  Mountains  and  the  western  slope  of 
Sevenmile  Ridge.  It  follows  close  to  the  base  of  the  latter  ridge, 
which  rises  abruptly  from  the  water's  edge.  On  the  west  side  of  the 
stream  the  steeper  slopes  of  the  Black  Mountains  are  about  2  miles 
from  the  river,  leaving  a  narrow  valley  between.  There  are,  how- 
ever, no  farms  on  either  side  of  the  stream,  and  even  in  the  narrow 
valley  on  the  west  side  only  a  few  tracts  (hardly  one-fifth  of  the  area) 
have  been  cleared  for  cultivation.  Considering  the  drainage  basin 
from  the  river  to  the  mountain  summits  on  both  sides,  probably  not  1 
per  cent  of  the  land  has  been  cleared.  About  2  miles  above  the  mouth 
of  the  river  the  mountains  on  both  sides  recede,  leaving  the  land  from 
that  point  to  the  North  Toe  level  compared  with  the  rest  of  the  region, 
although  it  is  still  a  very  hilly  country. 

Little  Crabtree  Creek,  with  a  minimum  discharge  of  18  second-feet, 
is  the  largest  tributary  of  the  South  Toe.  It  rises  near  Burnsville, 
in  the  foothills  of  the  mountains,  and  joins  the  river  a  short  distance 
northeast  of  Micaville.  The  river  has  seven  other  small  tributaries, 
ranging  in  size  from  2.5  to  9.5  second-feet  at  their  lowest  mid-summer 
flow. 

There  is  not  a  mill  on  the  South  Toe,  and  only  one  or  two  small 
corn  mills  on  its  tributaries.  The  steep  watershed  and  the  short 
tributaries  carry  the  rainfall  quickly  to  the  main  stream,  causing 
rapid  fluctuations  and  high  floods,  making  mill  improvements  difficult 
and  expensive.  This  probably  accounts  for  the  few  power  develop- 
ments in  the  watershed. 

CANEY   RIVER. 

This  river  also  rises  in  the  southern  part  of  Yancey  County  and 
flows  northward  uniting  with  Toe  River  to  form  the  Nolichucky.  It 
receives  its  drainage  from  the  western  slopes  of  the  Black  Mountains 
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and  the  easteiii  slopes  of  the  Bald  Mountains,  and  has  a  minimum  dis- 
charge of  about  63  second-feet  from  a  drainage  area  of  about  158  square 
miles.  The  western  slopes  of  the  Black  Mount^iins  are  similar  to  the 
eastern  slopes,  which  are  drained  by  the  South  Toe,  being  steep  and 
heavily  wooded,  the  forest  growth  changing  from  the  foot  to  near  the 
top,  where  little  except  balsam  is  able  to  stand  the  low  temperature. 
Near  the  foot  of  the  mountains  large  areas  are  covered  with  heavy 
laurel  thickets. 

Unlike  the  South  Toe,  most  of  the  cleared  land  along  Caney  River 
is  in  its  upx)er  and  middle  portions,  while  along  its  lower  course  the 
stream  flows  through  a  valley  so  narrow  that  it  may  be  considered 
almost  a  gorge.  The  valley  above  Burnsville,  however,  is  wider  than 
that  of  the  South  Toe  and  has  a  lai^er  percentage  of  cleared  land.  One 
mile  below  Burnsville  the  river  enters  a  narrow  gorge  through  which 
it  runs  for  about  3  miles,  but  even  here  the  higher  lands  are  largely 
cleared.  Farther  down,  the  country  is  flat  and  well  cleared  for  6  or  7 
miles;  then  the  river  enters  the  narrow  gorgelike  valley  through  which 
it  flows,  with  many  twists  and  turns,  around  the  mountain  knobs  to 
its  mouth.  In  this  gorge  there  are  very  few  places  wide  enough  for 
clearing,  but  on  the  mountain  sides  the  land  is  cleared  except  in  the 
steepest  parts.  During  the  last  summer  (1900)  the  Ohio  River  and 
Charleston  Railroad  was  extended  up  Nolichucky  River  as  far  as  the 
mouth  of  Caney  River,  and  since  that  time  much  lumbering  has  been 
done  in  this  section,  as  already  mentioned.  Of  the  area  drained  by 
Caney  River  perhaps  one-fourth  is  cleared.  Fully  one-half  of  the 
valley  land  is  cleared  and  is  largely  under  cultivation.  Wheat  and 
corn  are  the  principal  crops.  Near  the  head  of  the  valley  lives  Big 
Tom  Wilson,  one  of  the  earliest  settlers  in  this  region  and  the  man 
who  found  Professor  Mitchell  after  his  ill-fated  expedition  and 
untimely  death. 

The  only  tributaries  of  Caney  River  of  any  size  are  Bald  Creek, 
which  has  a  low-water  flow  of  16  second-feet,  and  Bald  Mountain 
Creek,  which  has  a  low- water  flow  of  20  second-feet.  There  are  other 
smaller  tributaries,  ranging  in  their  low- water  discharge  between  1.3 
and  9.5  second-feet. 

Only  one  water  power  on  Caney  River  has  been  developed,  and  this 
by  a  small  gristmill  located  about  halfway  between  Burnsville  and 
the  mouth  of  the  river.  A  large  tract  of  land  at  the  headwaters, 
including  the  northwestern  slope  of  Mount  Mitchell,  is  owned  by 
Colonel  Murchison,  of  New  York,  who  holds  it  as  a  game  preserve. 

FRENCH  BROAD  RIVER. 
GENERAL  FEATURES. 

French  Broad  River  rises  on  the  eastern  slope  of  the  Tennessee 
Ridge,  between  Jackson  and  Transylvania  counties,  N.  C,  flows  in  a 
general  northeasterly  direction  across  Transylvania  and  Henderson 
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connties,  a  distance  of  about  30  miles,  then  northward  across  Bun- 
combe County,  a  distance  of  more  than  20  miles,  then  northwesterly 
across  Madison  County,  a  distance  of  20  miles,  through  the  Great 
Smoky  Mountains  and  into  eastern  Tennessee,  where  it  is  joined  by 
the  Nolichucky  and  the  Holston,  and  finally  enters  Tennessee  River, 
its  waters  eventually  reaching  the  Mississippi  and  the  Gulf  of  Mexico. 
For  convenience  the  drainage  basin  has  been  divided  into  two  parts: 
(1)  The  area  drained  by  the  river  in  North  Carolina,  and  (2)  the  area 
drained  by  it  in  Tennessee. 

WATERSHED  IN  NORTH  CAROLINA. 

The  portion  of  the  drainage  basin  of  French  Broad  River  in  North 
Carolina  is  comprised  within  the  limits  of  Transylvania,  Henderson, 
Buncombe,  and  Madison  counties.  The  small  streams  from  the  moun- 
tains in  the  upper  part  of  the  watershed  soon  reach  the  wide  plat<ean 
and  unite  into  a  broad  and  sluggish  river,  with  practically  no  shoals 
or  falls.  Little  clearing  has  been  done  on  the  upper  watershed,  but  an 
extension  of  the  Transylvania  Railroad  has  just  been  completed  as  far 
as  Jeptha,  for  the  purpose  of  transporting  lumber.  The  terminus  of 
this  extension  is  called  Toxaway.  The  larger  part  of  the  land  around 
the  headwaters  of  the  main  stream  as  far  as  the  North  Fork  is  owned 
by  the  Toxaway  Company,  and  they  expect  very  soon  to  commence 
extensive  lumbering  operations. 

Through  all  of  this  region  springs  are  numerous,  and  the  water  is 
pure  and  cold.  Above  Jeptha  there  is  very  little  pasture  land,  but 
the  region  appears  to  be  well  adapted  to  grazing.  The  mountains 
around  the  head  of  the  North  Fork  are  high,  many  of  them  reaching 
an  elevation  of  6,000  feet.  They  are  traversed  by  trails  only,  the  for- 
ests being  still  in  a  wild  condition  and  the  region  but  sparsely  popu- 
lated. The  watershed  of  the  North  Fork  as  a  whole  is  not  thickly 
wooded,  but  no  timber  cutting  has  been  going  on  for  a  long  time. 
Most  of  the  land  east  of  this  stream,  including  the  large  area  of  Pisgah 
Ridge,  is  owned  by  Mr.  George  W.  Vanderbilt  and  is  under  the  care  of 
an  expert  forester.  Above  Jeptha  the  mountains^  close  in  to  the  banks 
of  the  stream,  and  consequently  the  branches  are  short  and  the  slopes 
steep.  Between  the  mouth  of  Tucker  and  Shoal  creeks,  on  the  North 
Fork,  are  some  excellent  shoals,  but  no  suitable  locations  for  large 
buildings,  although  there  are  shelves  of  rock  on  each  bank  throughout 
the  entire  distance.  The  fall  here  is  about  30  feet  in  200,  consisting 
of  three  drops  about  100  yards  apart,  with  rapids  intervening.  The 
water  power  has  not  yet  been  utilized. 

The  drainage  area  of  the  river  above  Asheville  is  987  square  miles; 
the  total  drainage  area  in  North  Carolina  1,745  square  miles.  Of 
this  total  area  at  the  time  the  Tenth  Census  was  taken  1,091,000  acres 
were  under  cultivation  and  8,070,000  acres,  or  78  per  cent  of  the 
whole,  were  still  forest  covered.     In  1890,  according  to  information 
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gathered  for  the  Eleventh  Census,  about  30  per  cent  of  the  area  was 
cultivated  land,  and  as  the  rate  of  clearing  has  been  accelerated  dur- 
ing the  last  decade,  on  account  of  the  large  development  of  the  lum- 
ber industries,  it  seems  safe  to  conclude  that  at  the  present  time  about 
40  per  cent  of  the  whole  area  is  either  cultivated  land  or  land  from 
which  the  timber  has  been  removed. 

Transylvania  County,  in  which  are  the  headwaters  of  the  river,  is  a 
true  mountain  region,  having  on  its  southern  boundary  the  Blue 
Kidge  in  its  most  massive  and  imposing  form,  and  being  the  starting 
X)oint  of  the  great  Pisgah  and  Balsam  ranges,  which  stretch  through 
the  county  toward  the  north.  The  only  exceptions  to  the  rugged 
topography  are  the  broad  and  fertile  valleys  of  the  French  Broad 
and  its  tributaries,  which  are  cultivated  and  in  a  high  state  of  im- 
provement, being  among  the  most  valuable  and  productive  farming 
lands  in  the  State.  These  valleys  are  the  scene  of  an  important 
stock-raising  industry,  which  is  the  principal  source  of  revenue, 
though  enormous  crops  of  cereals  and  grasses  are  pi*oduced,  some 
tobacco  is  raised,  and  fruits  of  large  size  and  fine  flavor  are  grown. 
The  greater  part  of  the  county  is  still  in  the  original  forest  growth  of 
the  usual  varieties  found  in  these  mountains,  which  attain  great  size 
on  account  of  the  surpassing  fertility  of  the  soil.  There  are  extensive 
areas  of  white-pine  timber  which  will  yield  fairly  good  lumber.  The 
merchantable  trees  of  walnut  and  cherry  have  been  largely  removed, 
though  an  occasional  walnut  of  fair  size  is  seen,  and  small  tracts  of 
cherry  are  said  to  exist  on  the  higher  mountain  slopes.  Large  tracts 
of  iK>plar  are  also  to  be  found,  and  but  little  oak  has  been  cut.  It  is 
estimated  that  of  the  total  area  of  the  county  only  about  15  per  cent 
IS  cleared  land. 

There  has  been  no  development  whatever  of  the  mineral  wealth  of 
Transylvania  County,  though  gold,  silver,  lead,  copper,  nickel, 
asbestos,  corundum,  and  mica  are  said  to  exist  in  the  vast  wilderness 
of  the  Balsam  and  the  Pisgah  mountains. 

Henderson  County  is  the  northward  or  downstream  continuation  of 
the  valley  of  the  French  Broad,  and  its  topographic  features  are  simi- 
lar to  those  of  Transylvania  County,  except  that  its  areas  of  com- 
paratively level  and  fertile  land  are  larger  and  the  general  aspect  of 
the  country  is  less  mountainous.  A  remarkable  feature  is  the 
apparent  great  depression  of  the  surface  and  the  width  of  the  stream 
valleys,  some  of  which  assume,  as  on  Mud  Creek,  the  character  of  a 
wide  swamp.  This  depression  is,  however,  apparent  and  not  real,  the 
most  depressed  portions  being  above  the  level  of  the  Blue  Ridge 
plateau.     The  hillside  slopes  are  very  gentle. 

The  soil  on  the  uplands  is  not  remarkably  fertile,  being  a  light- 
gray  gravelly  or  sandy  loam.  The  soil  in  the  valleys  is  in  large  part 
alluvial,  with  much  vegetable  matter,  and  yields  large  crops  of  grains, 
grasses,  vegetables,  and  fruits.  Corn  grows  well,  especially  in  the 
valleys,  but  the  principal  agricultural  industry  is  the  production  of 
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cabbages  and  other  vegetables  for  market.     A  great  deal  of  frail  is 
also  grown,  and  is  either  canned  or  dried. 

Along  the  stream  valleys  of  Henderson  County  pine  is  the  predom- 
inant growth,  biit  on  the  uplands  oak,  chestnut,  hemlock,  and  pine 
are  to  be  found,  while  near  the  summit  of  the  mountains  and  in  the 
cold  and  sheltered  coves  walnut,  cherry,  maple,  and  an  occasional 
white  pine  are  seen.  The  lumber  industry,  however,  is  of  small 
importance,  though  some  logs  'have  been  floated  to  Asheville,  and 
small  amounts  of  timber  are  cut  annually  for  local  uses.  Some  tan 
bark  is  also  gathered. 

Although  the  proportion  of  comparatively  level  land  in  this  coanty 
is  very  great,  a  smaller  proportion  of  the  area  is  cleared  than  in  either 
Madison  County  or  Buncombe  County,  the  cleared  land  amounting  to 
about  31  per  cent  of  the  whole,  according  to  the  returns  of  the  Eleventh 
Census,  and  only  small  amounts  of  clearing  have  been  done  since 
that  time,  so  that  it  is  improbable  that  the  cleared  land  now  amounts 
to  more  than  35  per  cent  of  the  entire  area. 

The  country  rock  throughout  Henderson  County  is  for  the  most 
part  a  gneiss,  but  the  valley  of  Boylston  Creek  is  in  a  schistose  lime- 
stone of  a  gray-blue  color,  which  in  places  carries  thin  veins  of  quartz. 
The  mineral  wealth  of  the  county  is  greater  than  that  of  either  Madi- 
son County  or  Buncombe  County.  What  is  said  to  be  the  largest 
deposit  of  zircon  in  the  United  States  occurs  in  the  valley  of  Green 
River,  and  gold  is  found  at  the  Boylston  mine,  on  the  southeastern 
slope  of  Forge  Mountain,  13  miles  west  of  Hendersonville. 

The  general  surface  of  Buncombe  County,  the  next  county  to  the 
north,  is  more  hilly  than  mountainous,  with  stream  valleys  narrow 
and  limited  in  extent,  which,  however,  offer  good  facilities  for  agri- 
cultural operations.  Between  Asheville  and  Alexander  the  country 
on  the  north  side  of  the  river  as  far  as  could  be  seen  was  gently  roll- 
ing, with  slopes  of  from  5  to  15  degrees,  about  two-thirds  cleared  and 
largely  cultivated  in  grass.  On  the  south  side  of  the  stream  the 
country  preserves  the  same  general  character,  but  the  hillside  slopes 
appear  gentler,  averaging  between  5  and  10  degrees,  about  the  same 
proportion  of  land  being  cleared.  The  forest  growth,  which  for  sev- 
eral miles  back  from  the  stream  is  in  small  segregated  areas — too  small 
to  affect  the  run-off — is  more  largely  pine  than  in  the  basins  hereto- 
fore described.  A  number  of  tributaries  rising  in  the  gaps  of  the 
mountains  enter  the  main  stream,  adding  much  to  the  beauty  of  the 
scenery.  Every  year  great  numbers  of  tourists  visit  the  valley  of 
the  French  Broad  in  search  of  health  or  pleasure.  PI.  XXX  is  a  view 
on  Swannanoa  River,  one  of  the  favorite  streams  of  nature-loving 
tourists. 

The  upland  soils  in  Buncombe  County  are  stiff,  eveu-grained^oams, 
rarely  sandy,  generally  deep,  being  derived  from  the  disintegration 
in  situ  of  gneiss,  and  are  on  the  whole  very  fertile.  The  soils  on  the 
lowlands  are  rich  sedimentary  loams,  with  much  vegetable  matter 
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along  the  smaller  streams.  Along  the  larger  streams  are  loams  simi- 
lar in  character  to  those  on  the  smaller  streams,  but  more  sandy  and 
less  fertile.  The  hills  erode  rapidly  when  uni)rotected,  but  are  gen- 
erally quickly  seeded  with  grass,  producing  a  retentive  turf. 

The  soils  produce  all  of  tlie  cereals,  grasses,  and  fruits,  wheat  yield- 
ing 10  or  more  bushels  to  the  acre.  Oats  do  well.  Corn  thrives,  pro- 
ducing from  30  to  40  bushels  to  the  acre,  while  clover  and  the  grasses 
yield  fine  crops  of  hay.  In  recent  years  more  and  more  attention  has 
been  paid  to  the  raising  of  beef  cattle  for  market,  and  this  is  now  an 
important  industry  throughout  the  county.  Many  chickens  and 
turkeys  are  also  raised,  these  selling  for  good  prices.  Of  the  fruits, 
apples  are  produced  in  greater  abundance  than  any  other,  and  they 
ai'e  of  large  size  and  fine  flavor.  All  vegetables  grow  well,  the  cab- 
bages being  particularly  good.  Tobacco  is.  largely  cultivated  along 
the  river  and  on  the  hills  a  few  miles  back  from  it,  these  localities 
seeming  best  adapted  to  its  production.  A  good  grade  of  bright 
tobacco  is  obtained. 

The  timber  in  Buncombe  County  includes  all  of  the  varieties  found 
in  the  mountains — oak,  hickoiy,  walnut,  beech,  birch,  chestnut,  locust, 
pine,  spruce,  and  others,  with  a  dense  undergrowth  of  dogwood,  laurel, 
azalea,  and  other  shrubs.  There  are  large  mills  sawing  lumber  at 
Asheville  and  many  small  ones  in  close  proximity  to  the  timber.  A 
considerable  quantity  of  tan  bark  is  also  shipped  from  the  county, 
the  oak  stocks  being  generally  sold  for  fuel  after  being  barked,  but 
as  a  rule  no  use  is  made  of  the  hemlock  stocks.  Walnut,  curly  birch, 
and  curl}'^  ash  are  shipped  in  the  log  to  veneering  factories,  but  the 
merchantable  trees  of  this  class  have  been  largely  removed,  and  pop- 
lar and  cucumber  trees,  which  furnish  the  chief  building  materials  of 
the  region,  are  also  becoming  scarce.  Timber  that  can  be  floated, 
such  as  pine,  poplar,  and  chestnut,  has  been  largely  removed  to  sup- 
ply the  mills  at  Asheville,  but  little  oak  has  been  cut.  According  to 
the  returns  of  the  Eleventh  Census,  about  25  per  cent  of  the  area  of 
the  county  was  at  that  time  cleared  land.  Since  then,  however,  much 
clearing  has  been  done,  so  that  it  is  estimated  that  at  the  present 
time  40  per  cent  of  the  area  is  cleared;  some  estimates  i)lace  the 
amount  of  cleared  land  at  50  per  cent,  and  it  is  generally  stated  that 
about  two-thirds  of  the  cultivable  land  is  cleared.  Mr.  George  W. 
Vanderbilt  is  the  largest  owner  of  ^'orest  lands  in  the  county.  lie 
owns  many  thousand  acres  to  the  south  and  east  of  Asheville,  and 
modern  scientific  methods  of  forest  management  have  been  inaug- 
urated in  all  forests  owned  by  him. 

As  has  previously  been  stated,  the  country  rock  of  Buncombe 
County  is  principally  a  gneiss,  though  there  are  areas  of  granite,  and 
across  the  southern  edge  of  the  county  there  is  a  narrow  belt  of  slates 
and  schists.  The  mining  industry  is  unimportant.  Talc  is  met  with 
occasionally,  nickel  is  seen  in  very  small  quantities,  and  a  serpentine 
of  good  quality  occurs  in  abundance  between  Weaverville  and  Leices- 
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ter,  but  the  vein  has  never  been  worked.  Magnetic  iron  ore  has  also 
been  found  at  several  places.  It  is  said  that  many  years  ago  some 
of  the  latter  veins  were  worked;  and  a  deposit  has  recently  been 
opened  at  the  Blackwell  mine,  near  Blackwell  Springs.  Limonite  is 
found  in  many  places  throughout  the  county,  and  brick  clay  is  abun- 
dant. The  latter  is  made  into  common  and  pressed  brick  at  several 
yards,  some  fire  brick  is  made,  and  a  plant  at  Biltmore  formerly  man- 
ufactured drain  and  roofing  tile  and  paving  brick. 

Mineral  springs  of  divers  kinds  are  abundant,  those  carrying  sul- 
phur being  the  most  noted.  There  are  also  numerous  nonmineral 
springs,  which  furnish  large  amounts  of  water  to  the  streams. 

The  country  roads  furnish  the  chief  means  of  transportation 
throughout  the  county,  and  while  there  has  been  a  movement  for 
good  roads,  particularly  in  the  region  near  Asheville,  the  greater  por- 
tion of  the  country  roads  are  poorly  graded  and  become  almost 
impassable  in  the  winter,  on  account  of  mud. 

Madison  County,  the  next  county  through  which  the  French  Broad 
flows,  is  also  essentially  a  mountain  country,  there  being  very  little 
valley  land  and  the  whole  area  being  traversed  by  mountain  ridges 
ranging  in  height  from  2,500  feet  to  4,500  feet  above  sea  level.  None 
of  the  ranges,  however,  rise  to  so  great  heights  in  this  county  as  they 
attain  in  the  adjoining  counties,  even  the  Great  Smokies  being  below 
their  average  elevation.  The  soil  is  very  fertile  and  produoes  fine 
crops,  though  from  the  almost  entire  absence  of  transportation  facili- 
ties the  agricultural  products  are  limited  to  little  more  than  enough 
to  supply  the  inhabitants,  a  very  small  amount  being  raised  for  mar- 
ket. The  hills  are  especially  adapted  to  the  production  of  a  good 
grade  of  bright  tobacco, .large  quantities  of  which  were  formerly 
grown  and  marketed  in  Marshall  or  Asheville,  but  recently,  on  account 
of  the  low  prices  obtained,  this  industry  has  suffered  a  diminution, 
and  the  ^^  deadening,''  as  the  exhausted  tobacco  fields  are  known 
locally,  are  to  be  seen  on  many  hillsides,  either  uncultivated  or  grow- 
ing corn  or  other  grain.  Stock  raising  produces  a  large  annual  reve- 
nue, which  could  be  considerably  increased. 

The  mineral  wealth  of  the  county  is  known  to  be  large,  but  it  is 
mostly  undeveloped.  Magnetic  iron  ore,  chromic  iron  ore,  manganese, 
nickel  in  small  quantities,  corundum,  serpentine,  talc,  and  baryta 
are  all  found.  Some  corundum  has  been  mined  and  shipped,  much 
baryta  has  already  been  taken  out  and  is  still  being  mined  by  many 
individual  miners.  Recently  a  talc  mine  has  been  opened  near  Stack- 
house,  which  is  said  to  produce  a  very  good  quality  of  that  mineral 

The  timber  found  throughout  Madison  County  is  remarkably  fine. 
Walnut  trees  8  feet  in  diameter,  poplars  10  feet  in  diameter,  wild 
cherry,  black  birch,  and  buckeyes  3  or  4  feet  in  diameter  are  met  with 
occasionally,  while  the  common  timber  trees,  such  as  oak,  chestnut, 
and  pine,  are  plentiful  and  of  large  size.  Much  timber  has  already 
been  taken  out  and  much  is  still  being  logged  wherever  the  crude 
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methods  of  lumbering  prevalent  can  reach  it.  There  are  large  mills 
at  Stackhonse  and  at  Putnam,  and  small  portable  mills  are  located 
wherever  the  timber  can  profitably  be  attacked,  the  lumber  being 
wagoned  to  the  railroad  for  shipment. 

The  geologic  formations  of  the  county  are  similar  to  those  of  Cocke 
County,  Tenn.  Close  to  the  State  line  there  is  a  belt  of  sandstone, 
which  is  succeeded  by  slates  and  schists.  About  a  mile  below  Hot 
Springs  the  latter  give  place  to  limestone  and  dolomite,  which  above 
the  springs  are  succeeded  by  sandstones,  slates,  and  schists,  and  these 
in  turn  by  the  gneisses  and  granite  which  are  the  predominant  rocks 
of  the  county. 

The  Hot  Springs  mentioned  as  being  located  in  the  limestone  belt 
constitute  one  of  the  most  interesting  features  of  the  region.  They 
are  6  or  7  miles  above  the  Tennessee  line,  directly  on  the  banks  of  the 
river,  some  springs  indeed  bubbling  up  in  the  bed  of  the  stream.  As 
the  name  indicates,  the  water  is  warm,  although  of  varying  degrees 
of  temperature,  and  possesses  many  valuable  medicinal  properties, 
said  to  be  particularly  efficacious  in  rheumatic  cases.  There  is  a  large 
hotel  at  the  springs,  and  many  people  come  to  take  the  hot  baths,  for 
which  the  waters  are  chiefly  used. 

Throughout  its  course  in  Madison  County  the  river  flows  in  a  deep 
gorge  which  it  has  carved  out  in  the  gneisses  and  slates,  now  twining 
among  the  hills  and  now  cutting  through  them,  leaving  at  the  latter 
places  almost  perpendicular  walls  of  bare  rock  several  hundred  feet 
high  or  slopes  of  from  50  to  60  degrees  covered  with  a  sparse  growth 
of  gnarled  and  stunted  trees  clinging  to  the  interstices  of  the  rock. 

PI.  XXXI  is  a  view  of  the  river  at  Paint  Rock,  near  the  North 
Carolina-Tennessee  boundary,  and  shows  both  the  forested  slopes 
and  the  jierpendicular  rock  walls  in  this  portion  of  its  course.  As 
the  river  is  ascended  the  sides  of  the  gorge  become  gradually  lower 
and  less  steep,  and  the  country  beyond  the  crests  of  the  river  bluffs 
loses  somewhat  its  mountainous  character,  becoming  instead  a  region 
made  up  of  rounded  hills  and  swells,  with  broader  and  more  nearly 
level  valleys  between,  a  much  larger  proportion  of  the  land  being 
cleared,  the  cleai-ed  areas  increasing  from  pi-actically  none  on  the 
extreme  northern,  western,  and  southwestern  borders  to  probably  50 
per  cent  of  the  area  above  the  mouths  of  Walnut  and  Pawpaw  creeks. 

Throughout  this  area  none  of  the  closed  basins  which  have  been  so 
notable  a  feature  in  some  other  areas  were  noted,  but  instead  there 
seems  to  be  a  greater  number  of  small  stream  channels,  most  of 
them  caiTying  some  water,  which  was  not  the  case  over  a  large  part 
of  the  area  drained  by  the  South  Fork  of  the  Holston. 

WATERSHED  IN  TENNESSEE. 

The  part  of  the  drainage  basin  of  the  French  Broad  which  is  situ- 
ated to  the  east  of  the  town  of  Newport,  Tenn.,  the  western  limit  of 
the  investigation,  is  comprised  entirely  within  the  limits  of  Cocke 
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Gounty.  The  area  immediately  about  Newport  and  for  5  or  6  miles  to 
the  east  while  hilly  is  not  mountainous,  and  in  many  respects  bears 
a  close  resemblance  to  the  country  seen  along  the  South  and  Mid- 
dle forks  of  Holston  River,  consisting,  as  it  does,  of  rather  low  hills 
and  broad  ridges  of  gentle  slopes  largely  cleared  and  grass  covered. 
In  parts  of  this  area,  particularly  in  the  part  seen  from  the  road  lead- 
ing from  Parrottsville  to  Newport,  numerous  small  closed  drainage 
basins  or  sinks  were  observed,  many  of  them  of  large  size  and  having 
pools  of  water  in  their  bottoms.  Occasionally,  over  an  area  of  a  square 
mile  or  more,  these  sinks  occur  in  such  numbers  as  to  absorb  the  entire 
drainage,  permitting,  so  far  as  could  be  observed,  no  water  to  find  its 
way  into  the  stream  channels.  This  will  tend  to  produce  complica- 
tions when  the  run-off  from  two  similarly  situated  areas  is  compared 
if  either  area  contains  basins.  None  of  the  basins  were  noted  above 
the  North  Carolina  line.  There  are  numerous  springs  of  chalybeate 
and  sulphur  water  in  Cocke  County,  and  large  numbers  of  springs 
whose  waters  possess  no  medicinal  properties. 

It  is  along  this  part  of  the  course  of  the  stream  that  the  far-famed 
scenery  of  the  French  Broad  occurs,  but  with  all  its  beauty  the  scen- 
ery barely  equals  that  seen  when  the  summit  of  the  river  bluffs  has 
been  reached,  where  vistas  of  mountain  and  meadow,  woodland  and 
stream  are  spread  out  before  the  eye,  scenery  of  which  the  rugged 
beauty  of  that  along  the  river  has  given  no  promise. 

If  the  whole  area  of  Cocke  County  be  considered,  about  40  per  cent 
of  the  land  is  cleared  and  cultivated,  according  to  the  best  informa- 
tion obtainable;  but  this  includes  a  part  of  the  vast  Unaka  mountain 
chain,  with  its  outlying  spui-s  and  ridges,  where  the  proportion  of 
cleared  land  is  exceedingly  small,  so  that  it  is  estimated  that  from  G5 
to  70  per  cent  of  the  area  to  the  west  of  the  mountains  is  cleared  and 
under  cultivation  or  in  grass,  which  is  one  of  the  principal  products. 

The  mountains  rise  very  abruptly  and  steeply  from  the  more  level 
area,  and  the  proportion  of  cultivable  land  on  them  is  small,  being 
confined  to  the  stream  valleys  and  to  a  few  of  the  lower  and  gentler 
slopes.  In  some  of  the  coves  and  gorges  the  soil  is  productive,  but 
these  areas  are  too  small  to  be  of  value  for  grain  growing.  They  are, 
however,  adai)ted  to  the  production  of  grass  and  fruit,  although  very 
little  has  been  done  in  that  direction.  The  principal  valley  is  of 
course  that  of  the  main  stream,  which  has  an  ayerage  width  of  alK>ut 
1  mile  and  is  exceedingly  fertile,  the  soil,  which  is  alluvial,  being 
deep  and  producing,  with  good  cultivation,  from  50  to  100  bushels  of 
corn  to  the  acre,  this  being  the  principal  crop.  Oats  thrive  very 
well,  wheat  not  so  well.  Of  late  years  more  of  the  land  has  been 
sown  to  grass,  and  the  stock-raising  industry  now  affords  a  consider- 
able revenue  to  the  people  of  the  county.  The  price  of  land  ranges 
from  $1  and  $2  to  more  than  $50  an  acre. 

There  is  some  very  tine  timber  in  Cocke  County,  mainly  oaks  of 
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various  kinds,  chestnut,  maple,  hickory,  walnut,  white  and  yellow 
pine,  spruce,  and  other  varieties.  Formerly  a  great  many  shingles 
were  made,  mostly  from  white  pine.  A  limited  amount  of  lumber  is 
sawed  annually  by  the  small  country  mills  for  local  uses,  and  a  much 
larger  amount  of  timber  is  annually  destroyed  for  the  purpose  of 
stripping  tan  bark  or  for  railroad  ties;  but  taken  as  a  whole  the  tim- 
ber industry  is  of  little  importance,  and  the  same  is  true  of  manu- 
factures in  general.  There  is  a  small  cotton  mill  at  Newport,  also  one 
or  two  small  sawmills  and  a  flouring  mill,  and  there  are  small  sawmills 
and  gristmills  at  various  places  in  the  county,  but  they  are  of  little 
importance. 

The  mineral  wealth  in  this  section  is  very  great,  but  so  far  as  could 
be  learned  nothing  has  been  done  toward  developing  it.  Iron  is  said 
to  occur  in  paying  quantity,  also  lead  and  baryta.  Newi)ort  is  just 
at  the  junction  of  the  shales  and  the  limestone,  which  there  form  a 
narrow  valley,  and  for  5  or  6  miles  up  the  river  limestone  and  dolomite 
occur,  the  prevailing  color  being  blue,  though  layers  of  gray  rock  are 
also  found.  The  limestone  and  dolomite  are  succeeded  by  red  shales, 
and  these,  for  a  fourth  of  a  mile  or  more  upstream,  by  white  or  grayish 
sandstones.  Passing  these  sandstones,  shales  or  slates  are  again  met 
with,  bands  of  conglomerate  occurring  at  intervals,  also  a  few  layers 
of  dolomite.  The  sandstone  then  makes  its  appearance  again  and 
continues  several  miles  up  the  river,  or  to  and  beyond  Paint  Rock. 

RAINFALL. 

The  total  annual  rainfall  at  Asheville  is  42.6  inches,  distributed  as 
follows:  Spring,  11.7  inches;  summer,  13.8  inches;  autumn,  7. 7 inches; 
and  winter,  9.4  inches.  Asheville,  however,  is  in  a  region  of  rather 
low  precipitation  compared  with  the  rest  of  the  mountain  country, 
although  the  records  of  the  station  at  Waynesville  show  that  the 
annual  precipitation  between  Asheville  and  Paint  Rock  is  very  near 
the  amount  stated.  Records  of  stations  above  Asheville  show  that 
the  annual  rainfall  increases  very  rapidly  as  the  stream  is  ascended, 
and  near  the  headwaters,  but  across  the  divide,  are  stations  having  a 
mean  annual  precipitation  of  between  72  and  73  inches,  with  an 
occasional  record  of  more  than  105  inches. 

The  distribution  of  the  rainfall  is  favorable  to  a  large  annual  run-off 
in  the  stream,  since  at  the  time  when  plant  life  and  evaporation  make 
the  heaviest  demands  upon  the  precipitation  the  rainfall  is  greatest, 
and  it  is  least  in  autumn  and  winter,  when  these  demands  are  at  a 
minimum.  However,  since  the  autumn  precipitation  is  the  least  and 
plant  life  and  evaporation  are  still  rather  active,  the  stream  is  then 
subject  to  periods  of  low  flow,  although  the  run-off  per  square  mile 
is  large  when  compared  with  streams  draining  areas  out  of  the 
mountains,  and  remains  so  during  even  the  periods  of  severe  drought. 
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TRANSPORTATION. 

Throughout  the  greater  part  of  the  basin  of  the  French  Broad  the 
transportation  facilities  are  j)oor,  being  mainly  confined  to  the  ordi- 
nary country  roads,  which  as  a  rule  are  steep  and  rough,  poorly 
graded  and  ill  kept.  The  Knoxville  branch  of  the  Southern  Railway 
follows  the  course  of  the  stream  very  closely  below  Asheville,  and  the 
Spartanburg  branch  of  the  same  system  runs  approximately  parallel 
to  it  for  a  lonjr  distance  in  the  upper  part  of  its  course,  while  the 
Murphy  branch  furnishes  railroad  facilities  for  the  inhabitants  of  the 
valley  of  Hominy  Creek.  The  Hendersonville  and  Brevard  Railroad 
has  recently  been  constructed  from  Hendersonville  to  Jeptha,  in 
Transylvania  County,  furnishing  an  outlet  for  the  products  of  the 
upper  part  of  the  basin.  But  owing  to  the  character  of  the  country 
the  transportation  facilities  are  less  effective  than  they  otherwise 
would  be,  and  there  seems  no  present  prospect  that  the  conditions 
will  be  bettered,  though  one  or  more  additional  lines  of  railroad  have 
been  projected  to  traverse  the  basin.  On  the  whole,  however,  the 
transportation  facilities  of  the  area  are  better  than  those  of  an^-  other 
section  of  western  North  Carolina,  and  in  consequence  it  is  better 
known  to  the  outside  world  and  is  more  prosperous  than  the  areas  to 
the  northeast  and  the  southwest. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  a  gaging  station  was  established  on  the 
French  Broad  at  Old  town,  Tenn.,  where  measurements  were  made 
from  time  to  time,  also  at  other  places  along  its  course,  as  shown  in 
the  following  table.  The  Survey  has  maintained  a  gaging  station 
at  Asheville  since  September,  1895,  the  results  of  which  have  been 
published  in  the  annual  reports. 

Discharge  measurements  of  French  Broad  River, 


Date. 


1900. 
Sept.  4 

Nov.  2 
Dec.  15 
Dec.  196 
Sept.  7 
Sept.  12 
Oct.  20 
Sept.  18 
Oct.  17 
Sept.  17 
Sept.  13 
Oct.  16 
Sept.  14 
Oct.  15 


Locality. 


Oldtown,  Tenn 


do 
do 
do 


One-half  mile  above  Hot  Springs,  N.  C 
Alexander,  N.C. 


Hydrogmpher. 


£.  W.  Myers  and 
Branch. 

....do 

—  .do 

...do 

L.  V.  Branch 

E.W.Myers 


L.  V. 


-do  ..._. ,  L. V.Branch 

N.C.Curtis 

do 

do 

do 

do , 

do 

do 


Fanning  Bridge,  North  Carolina. 

do  

Penrose,  N.C 

Near  Carson  Creek, N.C 

do 

Eastatoe  Bridge,  North  Carolina 
do 


GaflN> 
beighl 


Dia- 
height  '  cfaaive. 


1.00 
1.28 

i.ao 


19.85 
17.15 
1(1.27 
16.22 
16.95 
19.  M) 
13.80 
13.90 
12.40 
11.21 


Sec.-feeL 
«7.0 

1,665.0 

2,901.0 
9CKiO 
840.0 

2,088.6 

1.161.0 
614  0 

1,160.0 
'      5 


113  0 
1QS.4 


Note.— At  regular  stations  of  the  Geological  Survey  gages  are  installed  by  which  the  rise  (tf 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  Increase  in  the  diacfaarge 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  at  Oldtown.  In  "**^*ng  all 
of  the  other  measurements,  however,  in  each  case  a  bench  mark  Was  established  and  measiue- 
ments  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bendli  mark  to  the  turfaee 
of  the  water.  In  these  cases,  therefore,  an  increase  in  the  gage  height  means  a  lowering  oC  the 
water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream. 
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WATER  POWERS. 

In  describing  the  fall  and  power  of  the  French  Broad  we  will  start  near 
Newport,  Tenn.,  and  follow  upstream  to  its  source.  At  the  starting 
point,  about  2  miles  north  of  Newport,  the  river  is  a  comparatively 
placid  stream,  flowing  between  willow-bordered  banks  and  through 
broad  and  fertile  grass-covered  bottom  lands,  and  this  character  is 
preserved  for  5  or  6  miles,  when  there  is  an  abrupt  descent  of  about. 
4  feet  over  a  rock  ledge  extending  straight  across  the  stream.  Near 
these  falls  the  bottom  lands  almost  entirely  disappear  and  the  moun- 
tains begin  to  close  in  on  the  river,  the  hillside  slopes,  which  are 
sparsely  forested,  varying  from  30  to  50  degrees.  Farther  upstream 
an  occasional  broad  bottom  is  to  be  seen,  but  the  mountains  continue 
to  rise  higher  and  higher  as  the  stream  is  ascended,  the  river  entering 
a  gorge  which  reaches  a  very  highly  developed  stage  near  Paint  Rock. 
(See  PL  XXXI.)  Throughout  this  distance,  however,  there  is  little 
concentration  of  fall  in  the  stream,  the  fall  averaging  about  10  feet 
to  the  mile,  following  the  course  of  the  river,  which  is  very  tortuous 
in  this  section. 

The  stream  preserves  the  same  general  character  as  far  as  Hot 
Springs,  the  average  fall  per  mile  between  Paint  Rock  and  Hot 
Springs  being  about  the  same  as  in  the  section  between  Paint  Rock 
and  Newport.  Above  Hot  Springs,  however,  the  character  of  the 
river  changes  abruptly,  and  from  a  smooth  though  rapid  stream  it 
becomes  a  tumultuous  mountain  torrent,  dashing  along  among  many 
huge  bowlders  and  over  the  rock  ledges  which  obstruct  its  course  and 
project  above  the  surface  in  jagged  ridges,  twining  and  curving  around 
the  hills  between  lofty  and  steep  walls  of  rock,  which  are  thinly 
clad  with  stunted  trees.  The  river  contains  many  islands  and  is  in 
places  very  wide. 

In  the  7.7  miles  between  Hot  Springs  and  the  mouth  of  Brush  Creek 
the  total  fall  is  201  feet,  giving  an  average  fall  of  26.1  feet  per  mile. 
There  are  several  places  in  this  distance  where  the  fall  is  noticeably 
concentrated.  The  first  of  these  is  about  one-fourth  of  a  mile  above 
Hot  Springs  and  is  known  as  the  Mountain  Island  Shoal.  At  this 
shoal,  shown  in  PL  XXXII,  a  high  and  rocky  island  about  200  yards 
long  divides  the  stream  into  two  parts.  The  most  noticeable  concen- 
tration of  fall  is  at  the  ends  of  the  island,  there  being  at  the  lower 
end  an  almost  vertical  plunge  of  between  4  and  5  feet,  and  at  the 
upper  end  two  plunges  of  about  3  feet  each.  There  is  also  a  fall 
of  about  4  feet  in  the  distance  between  these  plunges,  making  a 
total  fall  of  about  15  feet  at  this  place.  Below  the  island  the  river 
contracts  suddenly  to  a  width  of  about  100  feet  and  the  water  is  very 
deep  and  sluggish.  The  railroad  is  on  the  north  bank,  crossing  the 
stream  a  short  distance  below  the  island,  and  as  the  track  is  only  a 
few  feet  above  the  level  of  high  water,  it  offers  an  obstacle  to  the 
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development  of  the  power.     A  development  could  be  made,  howevi 
but  at  considerable  expense,  by  constructing  a  wing  dam  from 
upper  end  of  the  island  diagonally  toward  the  north  bank,  gradm 
decreasing  the  height  of  the  dam  upstream.    This  would  throw 
much  of  the  water  as  might  be  desired  to  the  south  side  of  the  ish 
and  away  from  the  railroad,  and  then  by  building  a  dam  acro8s 
south  channel  near  the  lower  end  of  the  island  the  flow  of  the  sti 
could  be  controlled.     Space  for  a  power  house  on  the  island  could 
cleared  by  a  small  amount  of  blasting,  and  the  power  be  transmitU 
to  Hot  Springs,  where  there  is  a  large  area  of  level  land.     This  is 
far  the  largest  and  most  noticeable  fall  on  the  stream,  and  probal 
would  afford  a  cheaper  and  easier  development  than  any  other. 

As  at  this  fall,  so  at  all  others  between  Paint  Rock  and  Ashi 
ville,  the  proximity  of  the  railroad  to  the  stream  renders  it  impossil 
to  build  high  dams,  though  otherwise  the  conditions  for  easy  ai 
cheap  construction  are  very  favorable,  for  everywhere  stone  can 
obtained  in  great  quantities  at  comparatively  small  cost  for  blastii 
and  transportation  to  the  site  of  the  work. 

Although  the  average  fall  per  mile  in  the  stream  channel  l>etwedi 
the  head  of  the  Mountain  Island  Shoal  and  the  mouth  of  Brush  CreA 
is  very  great,  tliere  are  several  places  where  it  is  still  more  concen- 
trated, the  first  of  these  being  just  above  the  mouth  of  Laurel  Creek, 
where  the  fall  is  estimated  to  be  about  15  feet  in  a  little  more  than 
one-fourth  of  a  mile,  and  about  2  miles  below  Barnard  Station, 
where  there  is  another  large  fall  within  a  short  distance.  Jusi 
below  and  a  little  above  the  mouth  of  Brush  Creek  there  is  still 
another  large  fall,  the  banks  being  very  high,  steep,  and  rocky,  thf 
stream  comparatively  narrow,  and  all  of  the  conditions  for  the  constmc- 
tion  of  a  high  dam  very  favorable,  excepting  the  presence  of  the  rail- 
road. At  almost  any  desired  place  within  this  distance — from  the 
Mountain  Island  Shoal  to  Brush  Creek — falls  of  from  15  to  20  feet  can 
be  obtained. 

From  the  mouth  of  Brush  Creek  to  Asheville,  a  distance  of  29.3 
miles,  the  stream  is  still  very  rapid,  but  the  average  fall  per  mile  is 
much  loss  than  in  the  section  just  described,  being  about  15.4  feet,  is 
general  well  distributed.  Sites  where  falls  of  10  feet  or  more  can  \h 
obtained  are  numerous,  though  none  of  them  were  noted  particularly 

The  first  power  develoi^d  on  this  stream  is  at  Mai*shall,  MadisoK 
County,  where,  on  the  south  bank  of  the  river,  the  Marshall  Mill 
ing  Company  has  erected  a  flour  mill  with  a  capacity  of  75  barrels 
per  day,  utilizing  only  a  small  part  of  the  flow,  which  is  turnex] 
aside  by  means  of  a  Wing  dam  about  200  yards  long  extending  diag- 
onally upstream  about  half  the  width  of  the  river,  from  the  upper  end 
of  which  a  very  low  dam  has  been  built  to  the  north  bank  of  tht- 
stream,  both  dams  being  made  of  logs  and  giving  a  fall  of  13  feet  a1 
the  wheel. 
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There  are  several  other  localities  between  Marshall  and  Asheville 
where  small  powers  could  be  developed  in  the  same  way,  but  no 
attempts  have  been  made  to  do  this.  There  is  a  project  to  develop  a 
small  fall  in  the  stream  just  below  Asheville,  to  obtain  i)ower  to  oi)er- 
ate  street  cars  and  electric  lights,  and  a  low  dam  has  been  built,  but 
no  other  work  has  been  done. 

Above  Asheville  the  character  of  the  stream  again  changes  and  it 
becomes  a  placid  river  with  a  current  which  though  rapid  when  com- 
pared with  the  streams  of  the  Coastal  Plain  is  very  sluggish  when 
compared  with  its  mountain  neighbors  or  with  its  own  current  a  few 
miles  below.  The  bed  of  the  stream  is  overlain  with  a  stratum  of 
coarse  sand  and  gravel,  and  in  general  is  rather  smooth,  though  the 
current  is  interrupted  at  intervals  by  ledges  and  bowlders,  and  the 
fall  is  very  much  more  gradual  and  evenly  distributed  than  is  usual 
with  mountain  streams.  The  distance  from  Asheville  to  Brevard,  by 
river,  is  48.35  miles,  and  the  total  fall  is  130.9  feet,  making  the  average 
fall  per  mile  only  2.7  feet.  Indeed,  so  small  is  the  fall  that  at  one 
time  the  United  States  engineers  did  a  great  deal  of  work  on  this 
portion  of  the  stream  to  render  it  navigable.  Formerly  a  small 
steamboat  plied  the  river,  but  it  did  not  pay  expenses,  and  of  late  no 
attempt  has  been  made  to  navigate  the  stream. 

There  are  two  principal  obstructions  to  navigation,  the  first  of  these 
S^  miles  above  Asheville,  and  known  as  the  Sandy  Bottom  Shoal. 
This  is  the  largest  shoal  on  this  part  of  the  river,  the  total  fall  being 
22.6  feet  in  a  distance  of  18,000  ^eet.  Three  and  one-half  miles  above 
this  is  the  Long  Shoal,  where  the  fall  is  18.3  feet  in  12,920  feet.  Above 
this  and  as  far  as  Eastatoe  Ford,  about  1  mile  above  Jeptha,  the 
stream  flows  placidly  along  through  a  broad  and  level  valley  and  offers 
no  possibility  of  power  development.  Above  the  ford,  however,  the 
fall  rapidly  increases,  but  the  stream  divides  into  the  North  and  West 
forks,  both  of  which  are  too  small  for  consideration  as  power  streams. 

TRIBUTARIES  OF  FRENCH  BROAD  RIVER. 


DISCHARGE  MEASUREMENTS. 


During  the  investigation  the  drainage  btisins  of  the  important  tribu- 
taries in  North  Carolina  were  visited  and  the  following  measurements 
made : 

Discharge  nieasurements  of  tributaries  of  French  Broad  River  in  North  Carolina. 


Date. 


1900. 
Sept.  14 

Oct.    15 
Sept.  16 

Do  .. 


Stream. 


Locality. 


Hydrographer. 


North  Pork  of 
French  Broad 
River. 

do 

do 


Two  hundred    yards  above 
mouth  of  West  Fork. 


N.C.Curtis 


do 


do i do 

Bridge  on  Brevard-Webster  ' do 

road. 
Ford  ou  road  between  Tuck-  , do 

er  and  Shoal  creeks. 


Oaffe 
lelflrnt. 


Dis- 


helght. 'charge. 


Feet. 


13.2 

14. 9« 

7.3 


Sec.-ft. 
100.6 


51.8 
107.48 


75.0 
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DiarJiarge  measurements  of  tributaries  of  French  Broad  River  in  North  CaroHna-^ 

Continued. 


Date. 


Stream. 


IflOO. 
Sept.  14 

Oct.  15 
Sept.  14 

Do  -. 


Oct.  15 

Sept.  16 

Sept.  13 
Sept.17 

Oct.  16 
Sept  17 

Oct.  16 
Sei^ir 

Oct.  17 
Sept.  18 
•  Do  - 

Do.. 

Sept.  19 
Oct  17 
Sept.  19 
Sept.  20 

Do.. 

Sept.  12 
Oct.  30 
Sept.  16 
Oct.  30 
Sept.  12 
Sept.  16 

Oct.  30 
Sept.  12 
Oct.  80 
Sept.  11 
Oct.  28 
Sept.  12 
Sept.  17 
Oct.  30 
Sept.  16 
Oct.  30 
Sept.17 

Oct.  20 
Sept.  8 


West  Fork  of  French 

Broad  Biver. 

do 

Middle  Fork  of 

French  Broad 

Biver. 
South    Fork    of 

French  Broad 

River. 
East  Fork  of  French 

Broad  River. 
Tucker  (.Treek 


Cathey  Creek... 

King  Creek 

Davidson  Biver 

....  do 

Little  Biver.... 


.....do 

Bovlston  Creek . 

Mills  Biver 

do 

Mad  Creek 

Caney  Creek 

Avery  Creek  ... 


Hominy  Creek 

do 

Swannanoa  Biver. . 
North  Fork  of  Swan- 
nanoa Biver. 
Flat  Creek 


Beaverdam  Creek. 

do 

Lees  Creek 

....do 

Newf onnd  Creek . . 
.....do 


do 

Beems  Creek 

do 

Flat  Creek 

do 

Sandymnsh  Creek 

do 

....do 

Tnrkey  Creek 

....do 

Big  Ivy  Biver 


do 

Little  Pine  Creek 


Oct.  31    do 

Sept.  8  i  Pawpaw  Creek. 
Sept.  10  1  Walnut  Creek.. 

Oct.  31    do 

Sept.  8     Big  Pine  Creek  . 


Oct.  31 
Sept.  8 

Sept.  18 
Sept.  7 
Nov.  1 
Sept.  7 


do 

Big  Laurel  Creek. 


do 

Spring  Creek. 
do 

Shutln  Creek. 


Locality. 


Near  mouth 


do 


Bridge  20  yards  above  ford. 


Footbridge  at  ford  of  main 
road. 

Near  mouth 


Two  hundred   jrards  above 

mouth. 
Ford  of  Brevard- Jeptha  road. 
Brevard  road. 


Hydrographer. 


N.C.Curtis 


Gage 

height. 


.do 
do 


.do 
.do 


.....do.. 


...do 
...do 

Near  mouth do 

.  .do 
...do 

...do 
...do 
...do 
...do 
...do 
...do 
...do 

...do 
...do 
...do 
...do 

...do 


do 

Three-fourths  mile  above 
mouth. 

do 

Near  mouth 

Bridge  on  Old  Haywood  road. 

do  

Near  mouth 

Bridge  on  Westf  all's  place 

Bridge  on  road  from  Mills 
Biver  to  Ashoville. 

Asheville 

do 

Biltmore 

Three  miles  above  Swanna- 
noa. 

Two  miles  below  Black  Moun- 
tain Station. 

Fifty  yards  above  mouth.:... 

Olivette." "."..".'.'".-.'."  I  ".*'.".".  1.1  i 

do 

At  month 

Three-fourths    mile     above 

mouth. 

.....do 

At  mouth 

do 

.....do 

do 

Bailey.- 

.....do 

....do 

Blackwell  Sjirings 

do 

One-eighch  mile  below  mouth 

of  Bull  Creek. 

....do 

One   hundred   yards   above 

mouth. 

....do 

One  mile  above  mouth 

At  mouth 

do 

One  hundred    yards    above 

mouth. 

.....do 

Two   hundred    yards  above 

mouth. 

...do 

Near  Hot  Springs 

do 

...do 


B.  W.  Myers 
L.  V.  Branch 
E.  W.Myers 
L.  V.  Bran<^ 
E.  W.  Myers . 
do 


L.  y .  Branch . 
E.  W.  Myers  . 
L.  V.  Branch . 
E.W.Myers. 
L.  V.  Branch . 
E. W.Myers . 

do 

L.  V.  Branch . 
E.  W.  Myers . 
L.  V.Branch. 
E.W.  Myers  . 

L.  v.  Branch. 
....  do 


.do., 
.do., 
.do., 
do., 
.do.. 


do 
.do 


E.  W.  Myers  . 
L.  V.  Branch. 

do 

do 


Feet. 
2.20 


5.35 


10.3 


10.2 

4.61 

6.7 

4.71 

16.45 

16.75 

13.66 

14.35 
5.85 

18.11 

13.4 
5.11 

10.1 
6.56 

15.1 
15.4 
2.91 
16.07 

4.06 

5.09 
5.08 
11.15 
10.05 
17.76 
10.19 

10.44 
12.1 

*i8.65* 
17.43 
9.73 
9.43 
9.53 
7.97 
8.8S 
2.55 

2.72 
5.84 

5.76 
4.6 
28.24 
2.85 
6.07 

6.01 
16.13 

16.77 
2.00 
2.07 
2.61 


Dis- 
charge. 


149.0 

IBB.0 
77.0 


71.0 


40.0 

28.0 

30.2 
15.46 

151.77 
?0.20 

188. 8 

60. 2 
28.66 

211.64 
94.0 

108.0 
60.0 
11.31 

80.0 
24.0 
78.33 
21.45 

22.83 

1.46 
4.10 
8.05 
2.20 
0.41 
84.18 

20.28 

4.80 

0.0 

6.88 

6.0 

21.72 

66.28 

45.0 

86.24 

18.24 

47.60 

41.72 
&38 

6.0 

0.86 

1.86 

2.24 
4.86 

4.45 

40.0 

55.0 
15.0 
16.0 
0.46 


Note.— In  making  the  measurements  recorded  in  tho  above  table  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering  of 
the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  thereverseof  the 
results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  increase  in 
the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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The  principal  drainage  basins  are  briefly  described  on  the  following 
pages,  in  order  upstream. 

LONG  CREEK. 

The  first  tributary  of  any  size  entering  the  French  Broad  above 
Newport,  Tenn.,  is  Long  Creek,  which  flows  in  from  the  north,  drain- 
ing a  small  area.  At  the  mouth  the  valley  of  the  stream  is  very  nar- 
row, the  mountains  rising  high  and  steep  on  either  side,  in  walls  of 
almost  bare  rock;  but  farther  up  the  valley  widens  greatly,  and  it  is 
estimated  that  above  the  forks  about  half  of  the  basin  is  cleared  land, 
being  made  up  for  the  most  part  of  rather  low  hills,  with  gentle  side 
slopes  timbered  in  pine  and  oak.  Corn  and  wheat  are  the  principal 
crops;  about  one-third  of  the  cleared  land  is  in  grass. 

At  the  time  the  stream  was  visited  it  was  extremely  low,  its  flow 
being  too  small  to  gage,  but  it  was  carrying  a  quantity  of  water  esti- 
mated to  be  between  one-fourth  and  one-third  of  a  second-foot.  The 
stream  is  said  to  rise  very  rapidly  after  rains,  reaching  an  extreme 
height  of  about  4  feet  above  low  water.  The  floods  are  of  short 
duration. 

BIO  CREEK. 

Big  Creek,  the  next  tributary,  enters  the  river  from  the  south,  near 
Del  Kio,  draining  an  extensive  area  in  the  high  and  rugged  Stone  and 
Smoky  mountains,  almost  the  entire  basin  being  forest  covered  and 
very  steep  and  rough,  with  a  great  deal  of  rock  exposed  on  the  hill- 
sides. The  cleared  land  is  confined  entirely  to  the  narrow  strips  bor- 
dering the  stream,  but  it  is  small  in  amount,  being  probably  less 
than  5  per  cent  of  the  area  of  the  basin,  which  may  thus  be  considered 
entirely  forested. 

When  this  stream  was  visited  it  was  very  low,  carrying  an  estimated 
discharge  of  possibly  2  second-feet.  It  rises  rapidly  after  rains,  in 
consequence  of  the  great  steepness  of  the  hillside  slopes  over  its  basin, 
and  attains  a  maximum  height  of  from  5  to  6  feet  above  low  water. 

LAUREL  BRANCH,  MOONEYHAM  BRANCH,  AND  ROCK  CREEK. 

These  are  very  small  streams  which  are  practically  dry  during 
severe  droughts. 

WOLF  CREEK. 

Wolf  Creek  is  the  next  tributary.  It  is  a  small  stream  entering 
from  the  south,  draining  a  long  and  narrow  area  which  with  the  excep- 
tion of  one  or  two  small  patches  of  an  acre  or  two  near  its  mouth 
may  be  considered  entirely  wooded.  The  basin  is  rough  and  moun- 
tainous, with  very  steep  slopes.  The  forest  growth  consists  for  the 
most  part  of  pine,  with  a  dense  undergrowth  and  with  some  oak  and 
chestnut.     Extensive  lumbering  ox)erations  have  been  carried  on  on 
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the  mountain  slopes  over  the  basin,  and  much  of  the  available  timber 
has  been  cut,  but  the  ground  is  densely  shaded  by  the  undergrowth 
and  the  nontimber  trees. 

This  stream  was  not  gaged,  the  quantity  of  water  which  was  flow- 
ing, estimated  to  be  about  0.5  second-foot,  being  too  small  to  admit  of 
measurement.  It  was  stated  by  residents  that  the  stream  was  then 
at  its  lowest  stage.     The  maximum  flood  rise  is  between  4  and  5  feet. 

SHUTIN  CREEK. 

The  basin  of  this  stream  is  similar  to  that  of  Wolf  Creek,  except 
that  very  little  timber  has  been  cut. 

SPRING  CREEK. 

Spring  Creek,  entering  the  river  from  the  south,  at  Hot  Springs,  is 
the  largest  tributary  yet  described.  It  rises  in  the  extreme  southern 
comer  of  Madison  County,  near  Sandymush  Bald,  on  the  northeastern 
slope  of  the  Newfound  Mountains,  and  flows  in  a  general  northerly 
direction  for  a  distance  of  about  20  miles,  draining  an  area  of  66 
square  miles.  Its  basin  is  in  the  midst  of  the  high  mountains,  is  steep, 
rough,  and  rugged,  and  is  almost  entirely  forest  covered,  the  cleared 
land  being  confined  to  the  narrow  stream  valleys  which  constitute  a 
very  small  proportion  of  the  whole  area,  probably  less  than  10  per 
cent.  The  stream  attained  its  minimum  stage  during  the  autumn  of 
1900,  when  it  was  measured  and  found  to  be  cariying  0.45  second- 
foot.  It  has  a  maximum  rise  of  about  6  feet  during  floods,  which  are 
said  to  be  violent,  but  of  short  duration. 

BIG  LAUREL  CREEK. 

This  stream,  the  next  tributary  of  the  French  Broad,  rises  in  two 
forks,  one  in  the  Bald  Mountains,  in  the  extreme  northeastern  part  of 
Madison  County,  and  the  other  in  the  Unaka  Mountains,  in  the 
extreme  northern  part  of  the  county.  It  drains  an  area  of  141  square 
miles.  Its  basin  is  very  rough  and  rugged,  with  a  large  proportion 
of  steep,  forested  slopes,  ranging  from  15  to  50  degrees  and  showing  a 
great  deal  of  exposed  rock,  which  is  of  a  slaty  character.  For  a 
considerable  distance  above  its  mouth  the  stream  is  in  a  deep  gorge 
and  could  not  be  followed,  but  it  was  ascertained  that  the  country 
was  extremely  rugged  and  contained  no  cleared  land.  The  hills  there 
lack  the  symmetry  of  those  seen  farther  upstream,  having  steeper 
slopes  and  being  broken  into  irregular  shapes  by  the  small  valleys 
and  gullies  which  extend  up  their  sides. 

The  proportion  of  cleared  land  in  the  basin  is  small,  not  more  than 
25  per  cent  of  the  area  being  under  cultivation.  The  cultivated  areas 
are  for  the  most  part  confined  to  the  stream  valleys  and  the  lower 
uplands.    Within  the  last  ten  years  much  land  has  been  partially 
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cleared  by  cutting  away  the  undergrowth  and  deadening  the  larger 
trees,  the  deadened  areas  being  largely  cultivated  in  tobacco  or 
com.  The  soil  is  in  part  red,  clayey,  and  very  impervious  to  water, 
and  in  part  loamy,  and  is  not  very  fertile. 

Extensive  lumbering  operations  are  now  in  progress  over  the  basin, 
many  small  portable  mills  being  located  in  close  proximity  to  the  tim- 
ber, the  lumber  being  hauled  to  the  railroad  at  either  Putnam  or 
Stackhouse.  Poplar  seems  to  be  the  timber  most  sought,  though  oak 
and  pine  are  also  cut.  Much  chestnut  remains,  and  trees  of  many 
other  varieties  are  found. 

At  its  mouth  the  flood  rise  of  the  creek  is  from  7  to  8  feet.  It  never 
falls  very  low,  the  lowest  stage  known  having  been  reached  in  the 
autumn  of  1900,  when  the  discharge  was  about  49  second-feet.  While 
the  stream  is  capable  of  furnishing  power  in  large  amounts,  it  is  util- 
ized by  only  two  or  three  small  gristmills,  grinding  grain  for  local 
uses. 

Some  baryta  has  been  found  in  the  basin,  but  so  far  as  could  be 
learned  the  principal  deposits  of  this  mineral  are  along  the  main  river, 
on  the  hills  between  Stackhouse  and  Marshall.  Talc  is  also  found  in 
this  region,  and  some  has  been  recently  taken  out  which  is  said  to  be 
of  excellent  quality. 

Shelton  Laurel  Creek, — This  stream  is  the  principal  tributary  of 
Big  Laurel  Creek.  Its  drainage  basin  is  very  similar  to  that  of  the 
main  stream,  although  as  the  creek  is  ascended  the  topograph}^  flattens 
out  to  some  extent.  The  stretch  of  the  river  between  White  Rock  and 
Alleghany  is  much  more  level  and  more  extensively  cultivated  than 
any  seen  lower  down  the  stream.  The  only  extensive  lumbering  opera- 
tions carried  on  in  the  basin  are  in  this  locality,  being  mainly  directed 
against  the  timber  which  can  be  reached  from  the  small  tributary 
streams,  although  the  operations  are  more  or  less  general. 

The  soil  seems  similar  to  that  along  Big  Laurel  Creek,  but  it  con- 
tains a  very  large  proportion  of  rock  fragments  ranging  in  size  from 
a  pea  to  several  inches  in  diameter,  and  more  quartz  is  seen,  forming 
now  an  important  part  of  the  country  rock. 

The  slope  of  the  channels  of  this  creek  and  its  branches  is  very 
great,  the  storm  waters  reaching  the  streams  almost  immediately,  the 
main  creek  rising  very  rapidly  and  falling  as  quickly. 

BIG  PINE  CREEK. 

The  next  tributary  gaged  was  Big  Pine  Creek,  which  enters  the 
French  Broad  from  the  south,  opposite  Barnard,  draining  a  consider- 
able area  which  is  largely  forest  covered,  the  cleared  and  cultivated 
land  being  confined  for  the  most  part  to  the  stream  valley  and  the 
lower  hills.  The  hillside  slopes  over  the  basin  are  almost  uniformly 
steep  and  rocky,  and  the  greater  part  of  the  area  is  mountainous. 
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WALNUT,  LITTLE  PINE,  AND  HAYES  CREEKS. 

Walnut  Creek,  entering  from  the  north,  about  3  miles  above  Bar- 
nard, is  a  stream  of  about  the  same  size  and  general  character  as  Big 
Pine  Creek,  except  that  the  proportion  of  cleared  and  cultivated  land 
in  its  drainage  basin  is  considerably  greater,  the  valley  of  the  stream 
being  wider  and  the  slopes  less  steep  and  rugged,  the  topography  con- 
sisting for  the  most  part  of  rather  low  and  rounded  hills,  largely  grass 
covered^  although  the  upi)er  part  of  the  basin  is  steep  and  mountain- 
ous. The  cleared  land  amounts  to  probably  one- third  of  the  whole 
area,  possibly  more.  The  stream  reached  a  very  low  stage  in  the 
autumn  of  1900,  lower  than  ever  before  known,  it  is  stated.  The  dis- 
charge measured  on  September  10  was  1.36  second-feet.  The  maxi- 
mum rise  in  flood  is  about  4  feet. 

Little  Pine  Creek  and  Hayes  Run  are  entirely  simUar  streams, 
though  much  smaller. 

IVY  RIVER. 

Ivy  River,  the  next  tributary,  enters  the  French  Broad  from  the 
east,  and  is  the  principal  tributary  in  North  Carolina.  It  rises  on  the 
western  slopes  of  the  Great  Craggy  Mountains,  near  Yeates  Knob, 
the  headwaters  being  at  an  elevation  of  about  5,000  feet,  and  flows 
in  a  general  westerly  direction,  joining  the  French  Broad  about  2^ 
miles  above  Marshall,  draining  an  area  of  176  square  miles. 

For  about  3  miles  above  its  mouth  the  valley  of  the  river  is  very 
narrow  and  the  banks  of  the  stream  are  steep,  showing  much  exx>osed 
rock,  but  they  are  forested  with  a  growth  of  considerable  density. 
Above  this  3-mile  stretch,  although  the  gorge  formation  still  persists 
for  a  considerable  distance,  the  hills  do  not  rise  to  so  great  heights, 
and  the  country  beyond  the  summit  of  the  bluffs  is  composed  of  a 
succession  of  hills  and  ridges  of  moderate  height,  very  sharp  topped, 
and  inclosing  narrow  V-shaped  valleys,  the  hillside  slopes  ranging 
from  10  to  30  degrees.  A  large  part  of  the  area — perhaps  75  per 
cent — ^is  cleared.  It  is  probable  that  nearly  50  per  cent  of  the  whole 
area  drained  by  Ivy  River  is  either  under  cultivation  or  is  grass. 
Throughout  this  part  of  its  course,  or  to  beyond  Grantville,  the  stream 
channel  is  very  tortuous. 

As  the  stream  is  ascended  the  topography  becomes  less  strongly 
marked  and  the  country  better  fitted  for  agriculture  and  stock  rais- 
ing, until  a  short  distance  below  Bamardsville  the  mountains  begin 
again  to  encroach  on  the  river  and  the  cultivated  lands  are  confined 
to  the  immediate  valley  of  the  stream.  There  is  considerable  tim- 
ber yet  standing  in  the  high  mountains  about  the  headwaters,  much 
of  it  being  inaccessible. 

Corundum  has  been  found  near  Democrat,  nickel  stainings  have 
been  observed  in  the  rocks  at  many  localities,  and  a  vein  of  serpentine 
of  good  quality  crosses  part  of  the  basin. 
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The  stream  has  a  large  fall  throughout  its  length,  the  average  fall 
per  mile  between  its  mouth  and  Barnardsville,  at  the  junction  of  the 
forks,  being  about  43  feet.  It  could  be  made  to  furnish  power  in 
large  amounts,  but  as  yet  very  little  has  been  done  in  that  direction. 
About  1  mile  above  its  moufch  there  is  a  fall  of  6  feet  in  200  feet,  over 
ledges  of  solid  rock,  the*  width  of  the  stream  being  between  60  and  70 
feet. 

The  most  important  power  site  on  the  stream  is  about  2  miles 
above  its  mouth.  Here  Mr.  W.  B.  Ellis,  of  Asheville,  and  others, 
have  planned  a  large  power  development,  which  is  about  half  com- 
pleted. The  plans  include  an  arched  masonry  dam  95  feet  in  height, 
360  feet  long  on  top,  60  feet  wide  at  base,  and  12  feet  thick  to  the 
83-foot  level.  The  rao^  is  to  be  860  feet  long  from  the  dam  to  the 
power  house,  built  partly  in  embankment  and  partly  in  open  rock  cut, 
with  100  feet  of  tunnel  and  250  feet  of  steel  flume,  which  will  carry 
the  water  to  a  pair  of  22-inch  turbines.  It  is  stated  that  the  flow  of 
the  stream  will  be  sufficient,  with  proper  storage,  to  develop  2,000 
horsepower  under  a  working  head  of  110  feet,  the  natural  flow  of  the 
stream  yielding  1,000  horsepower  under  that  head.  The  power  is  to 
be  transmitted  electrically  to  Asheville,  Marshall,  and  other  places  at 
a  potential  of  10,000  or  11,000  volts.  During  the  autumn  of  1900, 
when  the  plant  was  last  visited,  all  work  had  been  suspended,  due 
largely,  it  was  rumored,  to  lack  of  water. 

On  the  basis  of  1,000  horsepower  developed  continuously,  the  flow  of 
the  stream  at  this  place  is  calculated  as  follows :  It  is  safe  to  assume  that 
the  losses  of  energy  in  the  wheels,  dynamos,  and  in  transmission  will 
amount  to  at  least  20  j)er  cent  of  the  total  energy  due  to  the  water, 
and  as  it  is  the  intention  to  deliver  1,000  horsepower  at  the  end  of  the 
transmission  line,  this  will  require  of  the  stream  a  flow  capable  of 
developing  1,250  gross  horsepower  with  a  head  of  110  feet,  or  11.36 
gross  horsepower  per  foot  of  fall.  One  second-foot  of  water  falling 
1  foot  will  yield  0.1135  gross  horsepower,  so  that  in  order  to  produce 
11.36  gross  horsepower  per  foot  fall  a  flow  of  practically  100  cubic 
feet  per  second  will  be  necessary,  and  during  times  of  drought  the 
stream  does  not  carry  that  amount  of  water.  When  these  notes  were 
made,  in  October,  1899,  although  the  discharge  could  not  be  gaged,  it 
was  estimated  to  be  not  much  more  than  50  second-feet.  When  the 
locality  was  visited  in  the  fall  of  1900,  at  a  time  when  the  stream  was 
said  to  be  very  low,  the  discharge  was  gaged  a  short  distance  above 
the  head  of  the  backwater  from  the  dam  and  a  flow  of  41.72  second- 
feet  was  found. 

Just  above  the  mouth  of  Little  Ivj^  River  there  is  a  gristmill  with 
an  8-foot  dam,  giving  a  fall  of  10  feet,  and  at  Democrat  there  is  a 
similar  miU. 
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SANDYiniSH  CREEK. 

The  next  tributary  is  Sandymush  Creek,  which  joins  the  French 
Broad  about  4  miles  above  the  mouth  of  Ivy  River.  This  creek  rises 
on  the  northern  slopes  of  the  Newfound  Mountains,  in  a  number  of 
small  creeks  which  have  a  general  northerly  or  northeasterly  course. 
Including  Turkey  Creek,  which  joins  it  near  its  mouth,  it  has  a  drain- 
age area  of  86  square  miles.  Near  its  mouth  and  for  a  considerable 
distance  upstream  the  creek  lies  in  a  deep  and  narrow  gorge,  but  far- 
ther up  the  valley  widens  very  much  and  the  topography  becomes  less 
strongly  marked  over  a  large  part  of  the  area.  The  high  hills  which 
inclose  the  valley  are  rough  and  steep,  most  of  them  ranging  from  15  to 
30  degrees,  but  many  of  them  being  much  steeper.  The  proportion 
of  cleared  land  is  smaller  than  in  the  basin  of  Turkey  Creek,  being 
less  than  half  of  the  whole  area.  Above  the  junction  of  Little  Sandy- 
mush Creek  the  area  is  entirely  mountainous  and  forested,  with  the 
exception  of  small,  narrow  areas  immediately  along  the  stream.  Pine 
trees  seem  more  numerous  than  heretofore  noted,  the  character  of  the 
hard-wood  growth  remaining  the  same,  also  the  agricultural  products. 
The  soil  is  a  fertile  loam,  the  country  rock  a  much  laminated  and 
contorted  gneiss. 

The  stream  is  said  to  have  reached  its  minimum  stage  of  flow  dur- 
ing the  fall  of  1900  (see  measurements  in  table  on  page  128).  During 
floods  it  is  subject  to  violent  rises  of  from  6  to  7  feet. 

Turkey  Creek. — The  valley  of  this  tributary  of  Sandymush  Creek 
is  very  different  in  character  from  that  of  the  main  stream.  In  pro- 
portion to  its  size  its  valley  is  broader  than  that  of  any  stream  yet 
described.  The  proportion  of  cleared  land  seems  to  be  about  75  per 
cent  over  the  lower  part  of  the  basin,  and  is  probably  66  per  cent  of 
the  whole  area.  The  topography  is  a  succession  of  hills  and  ridges 
divided  by  broad  valleys,  and  the  hillside  slopes  are  comparatively 
gentle.  The  soil  is  deep  and  fertile.  The  country  rock  seems  with- 
out exception  a  gneiss.  At  the  time  the  stream  was  visited  all  of  the 
land  except  that  in  com  was  covered  with  grass,  and  this  is  true  of 
all  this  section  of  country  during  the  fall  and  summer  months.  A 
large  part  of  the  area  is  planted  in  wheat,  and  when  that  is  harvested 
grass  quickly  covers  the  land,  remaining  until  seeding  time  comes 
again. 

The  creek  falls  very  low  at  times,  reaching,  it  is  said,  its  lowest 
stage  in  the  fall  of  1900,  and  though  subject  to  floods  of  6^  to  7  feet, 
these  are  rare  and  generally  of  short  duration. 

FLAT  CREEK. 

The  next  tributary  is  Flat  Creek,  which  enters  the  French  Broad 
from  the  east,  about  1  mile  below  Alexander.  It  is  a  small  stream 
rising  on  the  western  slope  of  the  Flat  Creek  Mountains  and  draining 
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a  broad  and  flat  valley  of  considerable  extent.  The  topography  is  in 
broad  and  low  flattened  hills  and  ridges,  the  hillside  slopes  being  very 
gentle.  Seemingly  about  two-thirds  off  the  area  is  cleared  land,  abont 
one-half  of  it  in  grass  and  the  other  half  chiefly  in  wheat,  corn,  and 
tobacco.  The  soil  appears  deep  and  fertile.  No  exposed  rocks  were 
seen,  though  the  basin  is  underlain  by  gneiss  or  granite.  The  stream 
is  subject  to  periods  of  very  low  flow,  and  during  floods  it  rises  from 
5  to  6  feet  at  the  mouth. 

REEMS,  NEWFOUND,  AND  BEAVERDAM  CREEKS. 

Reems  Creek,  the  next  tributary,  enters  the  river  from  the  east  a 
short  distance  above  Alexander,  and  seems  in  every  respect  similar 
to  Flat  Creek,  just  described.  It  was  gaged  at  its  mouth,  with  the 
results  given  in  the  table  on  page  128.  The  maximum  flood  rise  is 
from  5  to  6  feet. 

Newfound  Creek,  entering  the  French  Broad  from  the  southwest, 
rises  close  to  the  headwaters  of  Turkey  Creek,  near  Turkey  Creek 
Pinnacle,  and  in  soil,  topography,  and  general  characteristics  is  a 
stream  similar  to  Turkey  Creek. 

Beaverdam  Creek,  entering  the  French  Broad  from  the  east  a  short 
distance  below  Owenby,  drains  a  long,  narrow,  and  rather  flat  valley 
containing  a  large  proportion  of  cleared  land,  but  it  is  a  small  and 
unimportant  stream. 

SALUDA   RIVER. 

About  10  miles  above  Greenville,  S.  C,  Saluda  River  is  formed  by 
the  confluence  of  the  North  Saluda  and  the  Middle  Saluda.  The 
South  Saluda,  a  stream  nearly  or  quite  as  large  as  the  two  other 
streams  combined,  enters  the  Middle  Saluda  a  few  miles  above  the 
junction  of  the  latter  stream  with  the  North  Saluda.  The  watershed 
of  these  three  branches  is  defined  by  the  North  Carolina-South  Caro- 
lina boundary  line,  extending  from  the  Greenville-Pickens  county 
line  in  South  Carolina  to  the  western  slope  of  Rocky  Spur,  5  miles 
southeast  of  Saluda,  N.  C,  the  total  length  being  about  36  miles  and 
the  drainage  area  estimated  at  about  380  square  miles.  The  water- 
shed includes  the  southern  slopes  of  the  Saluda  Mountains  and  a  por- 
tion of  the  Blue  Ridge.  Below  the  junction  of  the  three  forks  the 
main  stream  flows  in  a  general  southeasterly  direction  through  the 
State  of  South  Carolina,  joining  Broad  River  near  Columbia,  to  form 
the  Congaree. 

The  steep  slopes  at  the  headwaters  of  the  river  are  densely  forested, 
but  the  valleys  of  even  the  smaller  tributary  streams  have  been 
cleared.  Oak  and  hemlock  predominate,  but  pine  and  other  timber 
are  frequently  intermingled.  The  trees  are  not  in  good  condition, 
however,  owing  to  frequent  scare  from  fire  and  other  destructive 
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agencies.  The  soil  is  lai^ely  composed  of  material  derived  from  the 
decomposition  of  granite  and  gneiss.  In  many  parts  of  the  basin  it 
has  a  thick  layer  of  humus  and  is  very  fertile;  in  other  parts,  how- 
ever, a  clay  is  formed  which  is  impervious  to  water  and  not  well 
suited  to  agriculture.  The  soil  in  the  former  places  will  not  with- 
stand the  action  of  flowing  water,  and  where  the  forests  have  been  cut 
considerable  washing  of  the  top  soil  can  be  observed.  In  the  lower 
part  of  the  drainage  basin  the  soil  is  sandy  and  is  largely  devoted  to 
agriculture,  the  chief  crops  being  cotton,  sugar  cane,  and  sweet 
potatoes. 

The  Saluda  is  largely  outside  of  the  mountain  region,  it«  head, 
waters  only  being  on  the  slopes  of  the  Blue  Ridge.  For  this  reason  it  is 
perhaps  not  of  as  great  importance  in  the  investigation  of  the  proposed 
Southern  Appalachian  Park  as  the  streams  which  rise  and  flow  for 
many  miles  through  the  mountains.  The  preservation  of  the  forests, 
however,  is  of  the  greatest  importance,  owing  to  the  nonresistaat 
character  of  the  soil  and  the  danger  of  heavy  wash  and  floods. 

NORTH   SALUDA  RIVBR. 

This  stream  rises  on  the  western  slope  of  Rocky  Spur  and  Hogback 
Mountain,  at  an  elevation  of  2,600  feet.  It  is  25  miles  long  and  flows 
in  a  general  southwesterly  direction,  joining  the  Middle  Saluda  about 
3  miles  below  the  confluence  of  that  stream  with  the  South  Saluda. 
The  elevation  at  the  junction  is  about  980  feet.  The  average  fall  per 
mile  is  therefore  about  65  feet.  Most  of  this  fall,  however,  is  on  the 
upper  portion  of  the  stream,  the  average  fall  per  mile  for  a  distance 
of  20  miles  above  the  mouth  of  the  North  Saluda  being  only  about  25 
feet. 

Around  the  headwaters  of  the  stream  about  15  per  cent  of  the  water- 
shed has  been  cleared.  The  western  sides  of  Rocky  Spur,  Hogback 
Mountain,  and  Glassy  Mountain  and  the  eastern  slopes  of  the  Saluda 
Mountains  have  been  very  little  cleared,  while  the  southern  slopes  of 
the  latter  mountains  are  especially  well  wooded.  No  lumbering  is 
being  done  in  this  section,  and  the  land  cleared  for  farming  purposes 
is  proportionately  small.  As  a  natural  consequence  of  its  forested 
basin  the  waters  of  the  stream  are  never  very  mudd}^  although  they 
are  said  to  contain  more  sediment  than  either  the  Middle  Saluda  or 
the  South  Saluda. 

After  leaving  the  mountains  the  flood  plain  of  the  river  broadens, 
and  the  wide,  flat  bottoms  are  given  up  largely  to  agriculture,  the 
chief  crop  being  corn,  although  considerable  cotton  is  raised.  Dis- 
charge meiisurements  were  taken  on  the  North  Saluda  2  miles  below 
llumphries's  store,  at  Lima,  and  at  Marietta,  with  the  results  given 
in  the  table  on  page  138.  The  river  has  an  average  annual  fluctuation 
of  10  feet. 
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Fall  Creek,  a  small  tributary  flowing  into  the  North  Saluda  about 
midway  between  Humphries's  store  and  Lima,  has  a  fall  of  about  120 
feet  to  the  mile  and  a  mean  discharge  of  6  or  8  second-feet. 

MIDDLE  SALUDA  RIVEB. 

The  Middle  Saluda  rises  in  Jones  Gap,  in  the  Blue  Ridge,  on  the 
North  Carolina-South  Carolina  boundary  line,  at  an  elevation  of  3,000 
feet.  Its  total  length  is  about  20  miles;  the  elevation  at  its  mouth 
990  feet.  It  has  an  average  fall  of  100  feet  to  tlie  mile,  but,  as  in  the 
case  of  the  North  Saluda,  the  fall  is  much  gi'eater  in  its  upper  portion 
than  in  its  lower  course,  the  average  fall  for  10  miles  above  its  mouth 
being  only  11.6  feet  per  mile. 

The  drainage  conditions  affecting  the  flow  of  the  stream  are  similar 
to  those  of  the  North  Saluda.  Its  flood  plain  is  quite  broad  below 
Riverview  and  is  under  cultivation.  The  soil  in  the  river  bottoms  is 
rich  and  loamy  and  black  in  color,  while  the  hills  are  covered  with  a 
deep,  rather  rich,  light-red  soil.  A  large  amount  of  cotton  is  raised 
around  Marietta,  and  below  that  place  cotton  constitutes  the  chief 
crop. 

The  water  power  is  better  than  that  of  the  North  Saluda.  The 
Cleveland  mill,  on  Mill  Creek,  a  tributary  from  the  east,  is  a  small 
sawmill  and  gristmill  having  a  working  head  of  about  12  feet.  Below 
it  shoals  are  quite  frequent  on  the  main  stream.  Opposite  Marietta 
there  is  a  shoal  a  half  mile  long,  called  Long  Shoal.  The  fall  is  pos- 
sibly 10  feet  in  200  feet.  Two  miles  below  the  Long  Shoal  there  is  a 
sawmill  and  gristmill  having  a  dam  about  6  feet  high  and  a  working 
head  of  12  or  15  feet.  The  average  annual  fluctuation  of  the  Middle 
Saluda  is  9  feet. 

SOUTH  SALUDA  RIVER. 

This  branch  has  a  total  length  of  30  miles.  It  rises  just  behind 
Pinnacle  Mountain,  at  an  elevation  of  2,700  feet.  The  difference  in 
elevation  between  its  head  and  mouth  is  1,720  feet,  the  average  fall 
per  mile  57  feet.  It  has  one  large  tributary,  viz,  Oolenoy  (sometimes 
called  Illinois)  Creek,  a  stream  about  10  miles  long,  with  an  average 
fall  of  30  feet  to  the  mile  below  Sunnydale.  It  has  wide  and  fertile 
bottom  lauds,  planted  chiefly  in  corn.  The  upper  watersheds  of 
both  South  Saluda  River  and  Oolenoy  Creek  have  been  practically 
untouched  by  the  woodman's  ax. 

The  only  fall  observed  on  the  South  Saluda  was  8  miles  west  of  the 
Cleveland  mill,  just  below  the  bend  in  the  stream.  The  fall  there  is 
30  feet  in  100  feet,  but  the  building  space  is  rather  cramped.  The 
flood  plain  of  the  river  varies  in  width  from  50  to  200  yards,  and  the 
soil  is  deep  and  rich. 

The  scenic  features  of  the  region  surrounding  the  headwaters  of 
the  South  Saluda  and  the  Middle  Saluda  are  remarkably  striking. 
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The  southern  slopes  of  the  Blue  Ridge  are  very  steep.  Table  Rock, 
a  mountain  with  an  elevation  of  3,157  feet,  is  surrounded  by  an  escarp- 
ment of  bare  rock  on  all  sides  except  one,  and  presents  a  very  forbid- 
ding appearance.  There  is  a  popular  summer  resort,  owned  by 
Furman  University,  on  Caesars  Head  Mountain. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  measurements  were  made  of  the  North 
Saluda,  the  South  Saluda,  the  Middle  Saluda,  and  Fall  Creek,  as 
shown  in  the  following  table.  A  g^ing  station  has  been  maintained 
on  the  main  river  at  Waterloo,  S.  C,  since  August  30,  1896,  the 
results  obtained  being  published  in  the  subsequent  annual  reports  of 
the  Survey. 

Discharge  measurements  of  Scduda  River  and  tributaries. 


Stream. 


Salnda  River 


Sonth  Sal  a  da 

River.     ' 
do 


Date. 

1901. 
May  24 

1900. 
Sept.  7 

Oct   14 

1901. 
May    3 

1900. 
Sept  7 

Oct.  14 

1001. 
May    3 

1900. 
Sept  7     Middle  Saluda 

River. 
Oct  13  I do 


-do 

.do 
.do 

.do 


1901. 
May    2 

1900. 
Sept.  7 

Oct.  13 

1901. 
May    8 

1900. 
Sept.  6 


Do. 
Do. 


.do 


North  Saluda 

River. 
do 


.do 


do 


do , 

Fall  Creek 


Locality. 


Greenville,  S.  C 


Freeman  Bridge,  below  month  of 
Middle  Saluda  River. 


.do 
.do 


8  miles  above  mouth  of  Middle 

Saluda  River. 
do 


.do 


1  mile  above  mouth 
do 


....do 


Iron  bridge  at  Marietta. 
do 


.do 


Bridge  on  Lima-Cleveland  Mill 

road. 
3  miles  below  Humphries's  store. 
Bridge  on  road  to  Lima 


Hydrc^rntpher. 


N.C.Curtis. 

.....do 

.....do 


E.  W.  Myers 

N.C.  Curtis. 
.....do 


E.W.  Myers 

N.  C.  Curtis. 
do 


E.  W.  Myers 

N.C.  Curtis. 
do 


£.  W.  Myers 
N.C.Curtis. 


do 
.do 


Gase 

lieisnt 


Dia- 
heiglit  fcharga 


Fret. 
34.5 


14.1 
14.1 

12.4 

ft.0 
6.0 


11.75 


10.8 

14.7 
14.  K 

las 

12.9 
14.2 


Sea-ft 
1,S04.0 


171.0 
469.0 
188.0 

m.0 

»Q.O 

6&0 
55.0 

18L0 

58.2 
80.0 

168.0 

56.1 

28.1 
>1&.0 


*  Estimated. 

Note.— In  making  the  measuremento  recorded  in  the  above  table  bench  marks  were  estab> 
•lished  and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  dtntance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surfa(»  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  tlra  reverse  of 
the  results  at  the  regular  Rtations  of  the  Survey,  where  gages  are  installed  and  wherean  in< 
in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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BROAD  RIVER. 
PHYSICAL  FEATURES. 

Broad  River  rises  on  the  eastern  slope  of  the  Blue  Ridge,  in  Mc- 
Dowell Countj%  N.  C. ,  between  the  Swannanoa  and  the  Edmondson 
mountains.  It  flows  in  a  southwest»erly  dii-ection  through  Hickory 
Nut  Gap  (see  PI.  XXXIII),  until  it  is  joined  by  Green  River,  when  it 
bends  to  the  east  and  maintains  that  course  for  about  20  miles.  After 
it  is  joined  by  the  First  Broad  it  turns  abruptly  to  the  south  and 
crosses  the  North  Carolina  boundary  line  near  Shelby.  The  river 
and  its  tributaries  were  examined  as  far  down  as  Bellinger,  S.  C, 
about  1  mile  from  the  State  boundary  line.  Its  drainage  area  in 
North  Carolina  includes  portions  of  Henderson,  Polk,  Rutherford, 
McDowell,  and  Cleveland  counties,  and  aggregates  1,400  square  miles. 
Its  total  drainage  area  is  4,950  square  miles. 

Three  important  branch  streams  contribute  their  waters  to  those  of 
Broad  River,  two  entering  from  the  north,  called  First  Broad  and 
Second  Broad,  and  the  other  entering  from  the  west  and  known  as 
Green  River.  These  streams  drain  an  area  of  the  Blue  Ridge  and 
adjacent  ridges  extending  to  the  State  boundary  line  in  Henderson 
County  to  and  including  the  south  side  of  the  South  Mountains  in 
Rutherford  and  Cleveland  counties.  Pool  Creek,  a  small  branch 
from  the  south,  discharging  6  or  8  cubic  feet  per  second,  is  interesting 
on  account  of  the  pools  which  have  been  formed  through  the  action  of 
the  water.  There  are  three  of  these  pools,  each  resembling  a  huge 
auger  hole  6  feet  in  diameter.  No  definite  information  was  obtainable 
as  to  their  depths.  Buffalo  Creek,  a  small  stream  rising  on  the  east 
side  of  the  Bald  Mountains  and  entering  Broad  River  from  the  north, 
has  a  wide  flood  plain  near  its  mouth  and  an  average  rise  of  6  feet. 
Just  above  Ayr  it  is  said  to  have  a  fall  of  30  feet.  This  stream  was 
not  visited. 

After  leaving  Batcave,  where  it  is  joined  by  Hickory  Nut  Creek  (a 
typical  headwater  tributary  shown  in  PI.  XXXIV),  Broad  River  flows 
for  6  miles  through  a  gorge  which  is  justly  famous  for  the  grandeur 
of  its  scenery  and  the  number  of  interesting  natural  curiosities.  The 
mountains  rise  abruptly  on  either  side  to  a  height  of  200  feet  above 
the  stream  bed,  and  for  about  three-fourths  of  the  way  up  are  clothed 
with  a  thick  forest  growth.  The  upper  side  of  each  slope  is  guarded 
by  an  escarpment  of  granite  absolutely  bare  of  all  verdure.  This  wall 
of  rock  varies  in  height  from  200  to  1,000  feet.  On  the  northeast  cor- 
ner of  Sugarloaf  Mountain  and  overlooking  the  gorge  is  a  perpen- 
dicular mass  of  rock  called  Chimney  Rock,  which  is  detached  from 
the  face  of  the  mountain  and  stands  a  massive  silhouette  against  the 
sky.     Its  greatest  height  is  213  feet,  its  diameter  at  the  summit  60 
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feet.  The  top  of  the  rock  is  reached  by  a  wooden  stairway.  A  haK 
mile  directly  west  of  Chimney  Rock  are  the  falls  of  Fall  Creek,  which 
are  said  to  have  a  sheer  drop  of  several  hundred  feet,  but  the  quan- 
tity of  water  is  insufficient  for  water  power.  On  the  left  bank  of  the 
river  is  a  mountain  known  as  Old  Rumbling  Bald. 

The  region  possesses  a  great  variety  of  scenic  and  agricultural  fea- 
tures. The  soil  is  generally  loose  and  porous.  The  headwaters  of 
Broad  and  Green  rivers  rise  among  the  high  peaks  of  the  Blue  Ridge, 
and  after  winding  their  way  through  gaps  and  gorges  finally  emerge 
and  flow  through  a  region  of  low,  rolling  hills.  There  is  very  little 
bottom  land  along  any  of  the  larger  tributaries.  The  only  extensive 
stretches  observed  were  along  the  lower  portions  of  Whiteoak  Creek 
and  Cove  Creek.  The  entire  region  is  very  healthy.  The  country 
east  of  the  Blue  Ridge,  including  the  watershed  and  the  drainage 
basin  of  Broad  and  Green  rivers,  is  fair  for  farming  purposes,  though 
the  soil  is  not  especially  rich.  The  chief  crops  in  this  section  appear 
to  be  com  and  wheat. 

RAINFALL. 

The  rainfall  in  the  basin  of  Broad  River  is  approximately  51  inches, 
distributed  throughout  the  year  as  follows:  Spring,  13  inches;  sum- 
mer, 13  inches;  autumn,  10  inches;  and  winter,  15  inches.  The  rain- 
fall in  the  region  above  the  headwaters  is,  however,  probably  much 
greater  than  this.  The  bed  of  the  stream  is  of  rock,  clay,  sand,  or 
gravel,  but  in  many  places  the  banks  are  low  and  the  bottoms  are 
overflowed  during  freshets. 

FORESTS. 

The  timbered  areas  are  comparatively  small.  Very  little  clearing 
has  been  done  around  the  headwaters  of  either  Broad  River  or  Green 
River.  The  drainage  basins  of  the  Broad  proper,  the  First  Broad, 
and  the  Second  Broad  contain  little  valuable  timber.  For  2  miles 
above  Batcave  the  land  has  been  considerably  cleared  for  farming, 
com  being  the  chief  crop.  The  upper  watershed  of  Reedy  Patch 
Creek  has  been  entirely  cleared,  and  extensive  clearing  has  been  done 
around  the  heads  of  Cove,  Maple,  and  Mountain  creeks. 

MINERALS. 

The  mineral  wealth  of  the  Broad  River  region  is  considerable. 
Deposits  of  gold  are  found  about  the  headwaters  of  the  First  Broad, 
the  Second  Broad,  and  Silver  and  Muddy  creeks,  and  these  have 
been  worked  in  a  crude  way  since  1830.  Several  mines  are  also 
being  worked  on  the  flanks  of  the  South  Mountains,  the  ore  being  a 
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very  good  grade  of  sulphuret.  Here  the  famous  Bechtler  dollar  was 
formerly  coined.  Monazite  is  extensively  mined  and  shipped  to  the 
North  and  to  foreign  countries.  Copper,  corundum,  and  tin  are 
among  the  minerals  obtained. 

DISCHABGB  MEASUREMENTS. 

During  the  investigation  two  gaging  stations  were  established  on 
Broad  River,  one  at  Dellinger,  S.  C,  and  the  other  near  Alston,  S. C, 
and  measurements  were  made  at  these  stations  and  at  other  places  on 
the  main  river,  as  shovni  in  the  following  table.  Measurements  of 
the  tributary  streams  are  given  in  the  table  on  i>age  143. 

Discharge  meaaurements  of  Broad  River. 


Date. 


1900. 
Feb.  » 
Apr.  18 
Apr.  80 
May  22 
July  5 
Aug.  17 

1901. 
May    7 

1900. 

Aug.  ao 

Aug.  28 

Aug.  25 
Oct.   18 

1901. 
Aug.   9 

1900. 
Aug.  22 

Oct.     6 

1901. 
Aag.  10 

1900. 
Aag.  21 

Oct     6 


Locality. 


Near  Alston,  S.O 

.....do 

.....do 

....do 

.....do 

.-..do 


NeSu*  Blacksbarg,  8.  C. 


At  Dellinger,  8- C 

Ford  1  mile  aboye  month  of  Second 
Broad  River,  North  Carolina. 

McClnre*8  bridge.  North  Carolina 

do 


.do. 


Near  month  of  Buffalo  Creek,  North 

Carolina. 
do 


Near  Chimney  Rock,N.  0. 


Bridge  at  Batcave,  N.  C. 


T 

.do 


Hydrographer. 


E.  W.  Myers 

do 

do 

.....do 

do. 

do 


do 


do 

H.  A.  Pressey 


N.C.Cnrtls 
do 


.do 

.do 
.do 

do 


.do 
-do 
.do 


Oa^e 
heig 


ge 
rht. 


&40 
6.28 
13.00 
8.40 
4.25 
2.80 


2.60 


0.80 
5.95 

23.43 
22.07 


20.8 

15.2 
14.50 

14.1 


10.15 
10.45 


Dis- 
charge. 


Sec- ft. 
8,918.0 


44,456.0 
4,406.0 
5,962.0 
2,840.0 


2,418.0 


1,480.0 
649.0 

220.0 
434.0 


688.5 

57.1 
145.4 

247.6 


60.1 
48.0 
62.4 


Note.— At  regular  stations  of  the  Qeological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  discharge 
of  the  stream.  This  is  true  of  all  the  measurements  in  the  above  table  except  those  made  near 
Alston  and  at  Dellinger,  where  bench  marks  were  established  and  measurements  were  made,  by 
means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to  the  surface  of  the  water.  In  the 
latter  case,  therefore,  an  increase  in  the  gage  height  means  a  lowering  of  the  water  surface 
and  a  corresponding  decrease  in  the  discharge  of  the  stream. 

The  average  annual  fluctnation  of  the  river  at  its  month  and  near 
Buffalo  Creek  is  10  feet;  at  Batcave  it  is  8  feet. 
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WATER  POWERS. 

Broad  River  rises  at  an  elevation  of  3,100  feet.  The  elevation  &! 
the  junction  of  Broad  and  Green  rivers  is  abont  780  feet.  The  total 
length  of  this  portion  of  the  stream  is  abont  40  miles  and  the  differ- 
ence in  elevation  2,320  feet,  making  the  average  fall  per  mile  58  feet. 
The  average  fall  per  mile  from  its  head  to  its  junction  with  Hickory 
Nut  Creek,  at  Batcave,  is  126  feet.  From  Batcave  to  a  half  mOe 
below  the  mouth  of  Pool  Creek  the  fall  is  also  125  feet  per  mile,  but 
from  that  point  to  the  mouth  of  Green  River  the  fall  is  only  8  feet  to 
the  mile.  As  far  down  as  Batcave  the  stream  has  a  flood  plain  of 
about  75  yards  average  width,  with  no  very  steep  slopes  on  either 
side.  Hickory  Nut  Creek,  a  small  stream  entering  the  river  just 
above  the  mouth  of  Reedy  Patch  Creek,  has  an  average  fall  of  175 
feet  per  mile,  and  the  latter  stream  a  fall  of  150  feet  per  mile. 

The  water  power  of  the  upper  section  of  the  river  is  excellent  and 
has  been  very  little  developed.  Rock  ledges  are  numerous,  and  falls 
of  8  feet  in  100  feet  frequently  occur.  The  only  obstacle  is  the  absence 
of  good  building  sites.  There  are  three  mills  between  Batcave  and 
Pool  Creek,  each  having  a  working  head  of  about  10  feet. 

The  distance  between  Poors  Ford  and  Dellinger  is  25  miles.  The 
water  powers,  descending  the  stream,  are,  briefly,  as  follows:  (1)  Big 
Island  Ford  Shoals,  1^  miles  below  Poors  Ford,  having  a  vertical  fall 
of  3  feet  and  a  slope  of  probably  6  or  7  feet  in  400  yards,  with  good 
rock  bottom  and  natural  abutments;  (2)  Durham  Shoals,  6  miles 
below  the  mouth  of  Second  Broad  River,  with  a  vertical  fall  of  7  feet, 
which  could  be  increp^ed  to  12  feet  at  the  wheel,  and  with  excellent 
foundations  for  a  dam  and  building;  (3)  Palmers  Shoals,  1  mile  below 
the  mouth  of  First  Broad  River,  with  a  fall  of  about  18  feet  in  a  half 
mile  (the  south  bank  at  these  shoals  is  nearly  level,  but  the  rock 
cliff  juts  out  prominently  on  the  north  bank) ;  and  (4)  Hopper  and 
Blanton  shoals,  where  the. river  makes  a  horseshoe  bend  and  the 
difference  in  elevation  across  the  neck  is  said  to  be  30  feet,  the  short 
shoal  on  the  lower  side  of  the  neck  being  known  as  the  Hopper  Shoal 
and  the  one  on  the  upper  side  as  the  Blanton  Shoal.  The  latter 
power  could  be  developed  by  piercing  the  neck  of  the  tunnel  and 
damming  the  water  at  the  Blanton  Shoal. 
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TRIBUTARIES  OP  BROAD  RIVER. 
DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  principal  tributaries  of  Broad  River,  in  order  upstream: 

Discharge  m&uurementa  of  tributaries  of  Broad  River. 


Date. 


1901. 
May  24 

May  25' 

1900 
Anfir-90 
Oct.  10 
Aug.  23 
Aug.  24 
Aug.  28 

AiMr.24 

Oct.     4 

1901. 
Aug.  13 

1900. 
Aug.  23 
Oct.     5 
Aug.  31 
Sept  3 

Aug.  25 
Oct.     8 

1901. 
Aug.   9 
Aug.  26 

Oct.  8 
Aug.  22 
Oct.  « 
Aug.  22 
Aug.  21 

Do  .. 


Stream. 


Bnoree  River. 
Tiger  River  . . 
Paoolet  River. 


First  BroadRiver 

do 

Puzzle  Creek 

Robersons  Creek 

Hollins  Creek 

Cathey  Creek.... 

Cane  Creek 

Second      Broad 

River. 
do 


Locality. 


.do 


do 

do 

Whiteoak  Creek. 

Cove  Creek 

Qreen  River 

do 

do 


— .Ido 

Maple  Creek 

Mountain  Creek. 

do 

Cove  Creek 

do 

Buffalo  Creek 

Reedy     Patch 

Creek. 
Hickory     Nut 

Creek. 


areenville,  8.  C 

14  miles  east  of  Qreen ville. 
Clifton,  S.  C 


Near  mouth 

do 

do 

At  mouth 

do 

do 

1  mile  above  mouth 

Bridge  on   Rutherfordton-Mor- 

ganton  road. 
do 


Iron  bridge  near  Boetic  Station 


U  miles  east  of  Forest  City 

do 

One- half  mile  above  mouth 

Near  mouth 

Near  Saluda,  on  Howard  Oap  road 

Cox's  bridge 

do 


do 

Near  mouth 

do 

.....do 

Bridge  at  Rutherf  ordton  road 

is  yard  8  below  main  ford 

At  mouth 


do 


Hydrographer. 


N.  C.  Curtis 

do 

do 


do 
.do. 
do 
do 
.do 
.do 
.do 
.do 

do 


.do 


.do 
.do 
.do 
.do 
do 
.do 
.do 


.do 
do 
do 
.do 
.do 
.do 
.do 
.do 

-do 


Gage 
leignt. 


heig 


Feet. 

7.7 
19.5 
13.1 


17.7 
16.2 
6.70 


6.8 
8.85 
5.43 
7.36 

7.00 


23.45 


20.8 
20.32 
4.65 
5.40 
17.7 
22.9 
23.6 


21.0 
7.70 
6.88 
6.48 
18.66 
18.16 
4.10 
5.75 

4.80 


Dis- 
charge. 


Sec.'ft. 
160.0 
174.0 
900.0 


285.3 
266.4 
10.0 
24.0 
14.3 
42.0 
17.0 
55.0 

64.0 


273.3 


153.3 

188.3 

64.  U 

19.2 

74.1 

299.0 

255.4 


833.2 

8.4 
65.3 
70.2 
60.3 
86.0 
17.0 
13.0 

15.2 


NoTE.~In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measarements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse 
of  the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  Installed  and  where  an 
increase  in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 

Brief  descriptions  of  the  drainage  basins  and  water  powers  of  the 
three  largest  tributaries  are  given  on  the  following  pages. 

FIRST  BROAD  RIVER. 


This  tributary  rises  on  the  southern  slopes  of  the  South  Mountains, 
in  the  northern  part  of  Cleveland  and  Rutherford  counties,  N.  C, 
and  flowing  south  joins  Broad  River  about  8  miles  south  of  Shelby, 
N.  C.     It  drains  an  area  of  302  square  miles.     The  fall  between  the 


144        SOUTHERN  APPALACHIAN  MOUNTAIN  REGION,  PT.  II.         l^^ 

crossing  of  the  railroad  from  Shelby  to  Rutherfordton  and  the  mouth 
of  the  stream  is  abont  105  feet,  or  at  the  rate  of  8  feet  per  mile 
The  width  of  the  stream  at  its  mouth  is  about  90  feet. 

The  water  powers  on  the  First  Broad  are  as  follows:  Ten  miles  north 
of  Shelby  and  3  miles  north  of  the  Double  Shoals,  where  is  located 
Cleveland  cotton  mill  No.  2,  which  contains  4,224  spindles  and  is 
run  by  water  power  exclusively,  a  fall  of  13  feet  being  utilized. 
At  the  Double  Shoals  there  is  a  cotton  factory  which  contains  2,000 
spindles  run  by  water  power.  The  dam  is  9  feet  high,  giving  a  total 
fall  of  15  feet.  Three  miles  southwest  of  Shelby  are  the  I^uraglen 
cotton  mills,  containing  3,500  spindles  operated  entirely  by  water 
power.  The  dam  is  14  feet  high  and  200  feet  long,  the  fall  of  water 
at  the  mill  15  feet.  Chambers's  gristmill,  still  farther  downstream, 
utilizes  a  fall  of  9  feet,  though  more  is  available — ^the  stream  at  this 
I)oint  will  probably  afford  7  or  8  horsepower  per  foot  of  fall  in  the 
low  season  of  dry  years.  Stices's  Shoal,  about  4  miles  from  the 
mouth  of  the  river,  has  a  natural  fall  of  6  feet  in  a  distance  of  8<^ 
feet  over  a  smooth  rock  bed,  with  considerable  fall  below.  By  the 
construction  of  a  dam  across  the  upper  part  of  this  shoal  the  fall 
could  be  increased  still  more.  The  Buck  McSwain  Shoal  is  abont  1 
mile  above  the  mouth  of  the  river,  and  has  a  natural  fall  of  3  feet  in 
150  yards. 

SECOND  BROAD  RIVER. 

This  stream  rises  on  the  southern  slopes  of  the  South  Mountains,  in 
McDowell  County,  N.  C,  about  10  miles  directly  south  of  Marion.  It 
flows  in  a  southerly  direction,  meeting  Broad  River  about  8  miles 
below  the  confluence  of  Broad  and  Green  rivers.  It  drains  an  area  of 
193  square  miles,  and  has  a  total  length  of  about  50  miles.  The  eleva- 
tion of  its  headwaters  is  1,500  feet,  of  its  mouth  about  700  feet,  giving 
an  average  fall  per  mile  of  16  feet. 

Comparatively  little  clearing  has  been  done  around  the  headwaters 
of  either  Second  Broad  River  or  Cove  Creek,  a  tributary  of  Broad 
River  which  rises  near  the  Second  Broad  and  drains  a  considerable 
portion  of  the  southern  slopes  of  the  South  Mountains.  The  propor- 
tion of  cleared  land  here  is  estimated  to  be  about  10  per  cent  of  the 
entire  area.  Lower  down,  however,  alofig  Cathey  and  Robersons 
creeks,  the  amount  of  cleared  land  is  much  greater,  probably  50  or  60 
per  cent  of  the  whole.  After  leaving  the  South  Mountains  the  river 
flows  through  a  region  of  low,  rolling  foothills.  The  timbered  areas 
are  thinly  covered,  the  trees  being  chiefly  pines  and  scrub  oaks.  The 
soil  is  rather  compact,  of  a  light-yellow  color,  and  not  particularly 
rich,  and  permits  fairly  good  roads  to  be  constructed  without  much 
difficulty. 

Rutherfordton,  the  county  seat  of  Rutherford  County,  about  6 
miles  west  of  the  Second  Broad,  is  on  the  western  boundary  of  the 
cotton  belt.     The  farming  lands  of  Cleveland  County  and  the  eastern 
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half  of  Rutherford  County  are  mainly  devoted  to  the  production  of 
cotton.  Some  sorghum  cane  also  is  raised,  and  the  farmers  usually 
make  enough  molasses  for  their  own  consumption.  As  the  headwaters 
of  the  Second  Broad  and  Cove  Creek  are  approached  the  soil  increases 
in  fertility.  The  Cove  Creek  Bottoms  are  especially  adapted  to  the 
production  of  corn,  and  •  along  the  slopes  of  the  South  Mountains 
tobacco  is  eaaily  grown.  The  climate  of  the  region  is  salubrious, 
and  very  little  sickness  prevails  at  any  season  of  the  year. 

The  waters  of  the  First  Broad  and  the  Second  Broad  are  never 
clear,  even  after  protracted  droughts,  but  are  a  sort  of  light-brown  or 
yellow-ochre  color.  This  is  due  to  the  character  of  the  soil  and  to  the 
extensive  clearing  which  the  watersheds  have  undergone.  The  beds 
of  both  streams  are  sandy  except  where  rock  shoals  occur. 

There  are  four  cotton  mills  in  operation  in  the  Second  Broad  River 
region.  The  motive  power  of  two  of  them  is  supplied  by  steam  and 
of  the  other  two  by  water.  One  of  the  steam  mills  is  at  Rutherfordton 
and  the  other  at  Forest  City.  The  two  water-power  mills  are  known 
as  Henrietta  No.  1  and  Henrietta  No.  2.  The  former  is  6  miles  above 
the  mouth  of  the  river,  at  High  Shoals,  the  latter  about  7  miles  above 
the  mouth,  at  Caroleen.  Both  factories  are  connected  with  the  Sea- 
board Air  Line  Railroad  by  branch  lines.  Henrietta  mill  No.  2  occu- 
pies the  shoals  formerly  known  as  Han-ells  Shoals  and  Old  Burnt 
Factory  Shoals.  A  masonry  dam  about  24  feet  in  height  gives  a  fall 
at  the  wheel  of  29  feet.  The  natural  fall  of  the  shoals  is  18  feet. 
The  mill  contains  35,000  spindles  and  1,000  looms.  At  Henrietta  mill 
No.  1  the  natural  fall  is  23  feet,  but  a  stone  dam,  slightly  curving 
upstream,  17.8  feet  high,  gives  a  fall  at  the  wheel  of  32  feet.  This 
dam  is  200  feet  long.  The  race  is  300  feet  long,  35  feet  wide,  and  10 
feet  deep.  The  mill  operates  25,000  spindles  and  1,000  looms.  Both 
factories  have  auxiliary  steam  plants,  and  seem  to  have  been  extremely 
successful  and  profitable  to  their  owners.  The  cotton  used  is  raised 
in  the  immediate  vicinity  and  hauled  to  the  mills  on  wagons.  About 
2  miles  from  the  mouth  of  the  river  the  stream  makes  a  long  curve, 
the  hillsides  closing  in  very  close  to  either  bank.  A  site  has  been 
surveyed  here  for  a  large  mill,  and  land  has  been  cleared  and  con- 
struction begun.  The  natural  fall  between  this  site  and  Henrietta 
mill  No.  1  is  about  40  feet.  A  dam  23  feet  high  is  to  be  built.  No 
race  is  to  be  constructed,  but  the  wheels  are  to  be  located  at  the  dam. 
The  fall  below  the  shoals  is  abrupt  for  a  short  distance,'and  the  waste 
water  will  flow  off  readily.  The  building  site  is  fairly  good.  This 
dam  will  destroy  the  water  power  of  Tumbling  Shoals,  3  miles  above 
the  mouth  of  the  river. 

GREEN   RIVER. 

Green  River  rises  in  Henderson  County,  near  the  Transylvania 
County  boundary  line,  on  the  northwestern  slopes  of  the  Saluda  Moun- 
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tains.  The  elevation  of  its  headwaters  is  2,^00  feet,  of  its  mouth  780 
feet,  the  difference  in  elevation  being  2,120  feet.  The  total  length  of 
the  river  is  about  45  miles,  making  the  average  fall  per  mile  about  47 
feet.  The  distance  from  its  head  to  the  point  where  it  emerges  from 
the  Blue  Ridge  is  23  miles,  and  the  difference  in  elevation  between 
the  two  points  1,800  feet,  making  the  average  fall  per  mile  in  that 
section  78  feet.  The  length  of  the  remaining  section  is  22  miles  and 
the  difference  in  elevation  320  feet,  making  the  average  fall  per  mile 
only  15  feet.     The  drainage  area  is  198  square  miles. 

Along  the  upper  portion  of  the  river  the  mountain  slopes  shot  in 
very  close,  and  the  timber  on  the  watersheds  is  practically  untouched. 
Consequently  the  flow  of  the  stream  is  constant  and  the  water  always 
clear  and  cold.  The  scenery  up  Green  River  Cove  and  around  Saluda 
while  beautiful  is  not  remarkably  grand.  The  two  most  conspicuous 
mountain  peaks  are  Whit.eoak  and  Tryon.  The  latter  has  an  elevation 
of  about  3,200  feet. 

Between  Zirconia  and  the  mouth  of  Cove  Creek  the  river  flows  in  a 
narrow  gorge.  The  water  power  of  this  section  is  excellent,  but 
building  sites  are  scarce.  The  two  water  powers  which  are  consid- 
ered among  the  best  on  the  stream  were  visited.  The  first  of  these, 
the  Pot  Shoals,  is  about  2  miles  below  the  Southern  Railway  bridge. 
The  fall  consists  of  a  drop  of  8  feet  and  a  total  fall  of  x>os8ibly  30  feet 
in  100  feet.  There  is  a  fairly  good  site  for  a  building  here  and  excel- 
lent facilities  for  constructing  a  dam.  •  The  next  power  is  at  The 
Narrows,  about  4  miles  below  the  Pot  Shoals.  Here  the  stream  is 
forced  to  pass  through  a  narrow  and  rocky  channel  7  feet  wide  and 
50  feet  long.  The  fall  is  about  10  feet  in  100  feet.  Building  facilities 
are  poor.  Another  power  on  the  river,  known  as  the  falls  of  Green 
River,  is  not  so  well  located  as  are  the  Pot  Shoals.  Here  "the  fall  is 
about  30  feet  in  100  feet,  preceded  by  rapids  for  three-eighths  of  a 
mile,  making  a  total  fall  of  45  feet.  The.  banks  are  rocky  and  verj^ 
steep,  so  that  building  facilities  are  .not  good."  On  the  whole,  the 
water  powers  of  Green  River  are  better  than  those  of  the  Upper 
Broad,  but  they  are  not  so  accessible,  and  the  building  sites  are  poor. 
The  average  annual  fluctuation  of  the  river  at  its  mouth  is  11  feet; 
near  Saluda  it  is  9  feet. 

The  healthfulness  of  the  Green  River  region  is  unexcelled.  Saluda 
and  Tryon,  situated  on  the  Asheville  and  Spartanburg  division  of  the 
Southern  Railway,  are  popular  summer  and  winter  resorts. 

Great  expectations  are  entei*tained  of  the  deposits  of  zircon  in  the 
valley  of  Green  River. 

The  side  streams  flowing  into  Green  River  are  mostly  short,  but 
have  heavy  falls.  Whiteoak  Creek  is  the  only  tributary  of  impor- 
tance. Its  fall,  however,  is  small,  but  it  has  a  very  wide  flood  plain. 
The  bottom  land  is  well  cultivated,  mostly  in  corn.  The  soil  is  loamy 
and  rich.  The  average  fall  is  about  12  feet  to  the  mile;  the  average 
annual  fluctuation  10  feet. 
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CATAWBA    RIVER. 
PHYSICAL  FEATURES. 

This  river  rises  near  the  Buncombe  and  McDowell  county  line  in 
North  Carolina,  and  flows  almost  due  east  through  McDowell  and 
Burke  counties  and  between  Alexander  and  Catawba  counties,  where 
it  turns  to  the  south  and  finally  enters  South  Carolina  near  the  Meck- 
lenburg-Gaston-York county  line.  After  a  course  of  about  160  miles 
in  South  Carolina  it  joins  the  Congaree  to  form  the  Santee.  Below 
the  mouth  of  Big  Wateree  Creek  the  river  is  known  as  Wateree  River. 
Its  drainage  area  in  North  Carolina  is  3,085  square  miles.  Its  total 
drainage  area  is  5,225  square  miles. 

The  Catawba  receives  its  headwaters  from  the  southeastern  slopes  of 
the  Blue  Ridge,  the  main  stream  rising  at  the  junction  of  the  latter 
mountains  with  a  spur  known  as  the  Edmondson  Mountains.  At 
Oldfort  the  waters  of  Mill  Creek,  with  its  branch,  Jarrett  Creek,  are 
added  to  the  Catawba,  forming  a  river  of  considerable  size.  The 
drainage  basins  of  these  streams  are  decidedly  mountainous,  with 
steep,  wooded  slopes.  The  streams  are  swift  mountain  torrents,  with 
large  falls  and  great  fluctuations  of  discharge.  The  flow  at  times  of 
low  water,  however,  is  fairly  large.  On  Catawba  River  above  Old- 
fort  there  are  precipices  many  feet  in  height,  over  which  the  river 
plunges  in  its  descent  toward  the  Piedmont  Plain.  (See  PI.  XXXV.) 
In  the  first  6  miles  of  its  course  the  river  falls  1,500  feet.  Below  Old- 
fort  the  character  of  the  drainage  basin  changes,  becoming  very  like 
that  of  the  Yadkin,  described  on  pages  158  to  164.  The  valle}'^  broad- 
ens out,  especially  on  the  south  side  of  the  river,  the  land  immedi- 
ately contiguous  to  the  stream  being  flat  or  gently  rolling.  The  Blue 
Ridge  is  not  far  distant,  however,  extending  to  the  northeast,  with 
frequent  ridges  projecting  toward  the  Catawba,  between  which  flow 
the  numerous  northern  branches  of  the  stream.  The  tributaries  from 
the  north  are  Curtis,  Crib,  Clear,  and  Buck  creeks.  North  Fork, 
Paddy  Creek,  Linville  River,  Cane  Creek,  Upper  Creek,  John  River, 
and  Lower  Creek.  These  streams  for  the  most  part  receive  their 
waters  from  either  the  Blue  Ridge  or  the  Linville  mountains,  and  in 
their  upper  courses  run  between  parallel  ridges  with  steep  slopes 
heavily  wooded.  In-  their  lower  courses  they  reach  the  Piedmont 
Plain,  where  the  fall  becomes  less  and  their  valleys  more  open,  being 
generally  cultivated  to  some  extent. 

The  river  receives  several  tributaries  from  the  south  between  the 
source  of  the  stream  and  Morganton.  The  chief  of  these  are  Crooked 
Creek,  Muddy  Creek,  and  Silver  Creek,  meandering,  comparatively 
slow-flowing  streams,  with  a  large  part  of  their  drainage  areas  under 
cultivation. 
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The  reconnaissance  of  the  drainage  basin  of  Catawba  River  extended 
only  from  its  headwaters  to  Morganton,  N.  C,  that  being  the  portion 
of  greatest  interest  in  connection  with  the  studies  of  the  proposed 
Southern  Appalachian  Park.  Below  Morganton  the  river  receives  a 
number  of  large  tributaries  and  has  many  water  powers  in  its  course 
across  the  Piedmont  Plain,  but  they  were  not  visited. 

RAINFALL. 

The  average  rainfall  in  the  basin  of  the  Catawba  is  about  50  inclies, 
distributed  as  follows:  Spring,  12  inches;  summer,  14  inches;  autumn, 
10  inches;  and  winter,  14  inches.  Toward  the  upper  part  of  the 
stream,  however,  the  rainfall  in  winter  increases,  and  is  probably 
greater  than  in  summer. 

FORESTS. 

The  region  of  the  headwaters  of  the  Catawba  and  itd  chief  branches, 
which  flow  from  the  steep  slopes  of  the  Blue  Ridge,  is  heavily  for- 
ested. At  the  foot  of  the  mountains  the  timber  consists  of  beech, 
poplar,  liun,  oak,  and  ash,  changing  to  pines  as  the  slopes  are 
ascended,  and  near  the  summits  to  balsam  fir.  In  the  broad  vallevof 
the  main  stream  a  large  part  of  the  land  has  been  cleared  and  is  now 
used  for  agricultural  purposes.  The  soil  is  deep  and  fertile,  the  top  soil 
being  largely  flood  deposits  of  the  river.  When  the  forests  are  cleared 
from  the  bases  of  the  steeper  mountain  slopes  considerable  difficulty 
is  experienced  from  the  washing  away  of  the  top  soil,  leaving  only 
the  barren  subsoil  or  clay  beneath.  This  wash  is  often  so  extensive 
as  to  completely  destroy  large  areas  of  land.  PL  XXXVI  shows  the 
effect  of  deforesting  areas  which  can  not  properly  be  protected  from 
this  agency. 

The  banks  of  the  Catawba  are  subject  to  overflow  during  the  highest 
floods,  and  great  damage  is  often  caused.  It  is  not  uncommon  for  a 
fine  stretch  of  farming  land  to  be  completely  ruined  in  a  single  day 
by  the  high  waters  washing  away  the  soil  down  to  the  bottom  clays  or 
gravels.  (See  PL  XXXVII,  ^1.)  It  has  been  estimated  that  in  the 
drainage  basin  of  the  Catawba  a  single  fiood  has  caused  damage  to  the 
extent  of  a  million  dollars.  (See  PL  XXXVII,  B, )  That  these  floods 
are  checked  to  some  extent  by  the  forests  there  can  be  no  doubt;  and 
in  the  absence  of  other  regulators,  such  as  lakes  or  marshes,  the  for- 
ests on  the  mountain  sides  form  the  only  protection  that  the  people 
dwelling  in  the  valleys  below  have  from  the  violence  of  flood  waters. 

DISCHARGE  MBASURSMENTS. 

During  the  investigation  temi)orary  gaging  stations  were  estab- 
lished on  Catawba  River  near  Morganton,  on  John  River  near  Morgan- 
ton,  and  on  Linville  River  near  Bridgewater.     For  several  years  the 
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Survey  has  maintained  two  stations  on  the  Catawba  River — one  at 
Catawba,  N.  C,  and  the  other  at  Rockhill,  S.  C. — the  results  of  which 
have  been  published  in  the  annual  reports.  The  results  of  all  measure- 
ments made  on  the  river  durini?  the  investigation  are  contained  in  the 
following  table;  the  results  of  measurements  on  the  tributaries  in  the 
table  on  pages  151  and  152. 

Discharge  mecuturements  of  Catawba  River, 


Date. 


imo. 

Feb.  21 
Feb.  22 
Apr.  13 
Apr.  21 
May  21 
July  4 
Ang.  16 
Oct.  ab 

1901. 
Apr.    4 
Apr.  23 
May  23 
July  20 

igoo. 

July  3 
Aug.  14 
Nov.  7 
Dec.  18 

1901. 
.  Mar.  29 
Apr.  27 
July  26 

1900. 
June  13 
June  18 
July  6 
Aug.  8 
Sept.  24 
Nov.  7 
June  28 
Aug.  20 
Sept.  20 


Locality. 


Rockhm,S.C. 
do 


do 
do 
do 
do 
do 
do 


.do 
do 
do 
do 


Catawba,  N.C. 

do 

do 

do 


do 
do 
do 


Near  Morganton,  N.  C. 
do 


do 

do 

do 

do 

01dfort,N.C 

do 

....do 


Hydrographer. 


E.  W.  Myers 

do 

do 

...do 

.....do 

do 

do 

.  ...  .TM'ViT..^.  . 


.do 

.do 

do 

.do 


.do 

do 

do 

.do 


N.C.Curtis. 
E.  W.  Myers 
do 


H.  A.  Proofloy 
N.C.  Curtis- 
do 


Gaffe 

leight. 


heig 


Feet. 
2.68 
6.28 
2.75 
9.07 
2.42 
2.86 
1.70 
3.30 


9.80 

4.65 

'24.15 

2.00 


8.45 
2.10 
2.96 
2.59 


5.83 
4. 87 
2.96 


1.33 

2.50 

1.30 

0.60 

0.50 

1.50 

10.10 

12.70 

12.78 


Dis- 
charge. 


SeC'feet. 
8,808 

16,791 
4.708 

81,610 
8,708 
5,623 
1.996 
8,843 


83,160 

10,314 

150,783 

3,822 


3,872 

914 

2.083 

2,130 


5,640 
4.354 
2,806 


1,393 

4,030 

1,164 

668 

526 

1,874 

63 

11 

12 


*Oreatest  flood  ever  known  on  river. 

Note.— At  regular  stations  of  the  Geological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  discharge 
of  the  stream.  This  is  true  of  all  the  measurements  in  the  above  table  except  those  made  at 
Oldf  ort,  where  a  bench  mark  was  established  and  measurements  were  made,  by  means  of  a  steel 
tape,  of  the  distance  from  the  bench  mark  to  the  surface  of  the  water.  In  the  latter  case,  there- 
fore, an  increase  in  the  gage  height  means  a  lowering  of  the  water  surface  and  a  corresponding 
decrease  in  the  discharge  of  the  stream. 

The  following  table,  computed  by  E.  W.  Myers,  shows  the  compar- 
ative minimum  flows  of  Catawba  River  at  the  Catawba  and  Rockhill 
stations,  which  are  about  60  miles  apart,  for  the  years  1895  to  1899. 
The  drainage  area  at  Catawba  is  1,535  square  miles  and  at  Rockhill 
2,987  square  miles.  Comparing  this  table  with  a  similar  one  for 
Yadkin  River,  published  in  Water-Supply  Paper  No.  36,  page  119,  it 
will  be  seen  that  the  run-off  per  square  mile  does  not  vary  more  than 
would  be  expected.  The  Catawba  station  was  established  in  1896, 
the  Rockhill  station  in  1895. 
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Table  shounng  comparative  minimum  flows  of  Catawba  River  at  gaging  gtafions 

at  Catawba^  N,  C,  and  at  BockhUl,  S.  C 


Year. 


1805 
1806 
1897 
1808 
1809 


Driest  month. 

Mean  flow  for 
driest  mouth. 

Mean  flow  ner 

square  mOe 

for  driest 

month. 

Minimum  flow 
for  year. 

Rock- 
hilL 

Cataw- 
ba. 

Rock- 
hill. 

Cataw- 
ba. 

Rock- 
hUL 

Cataw- 
ba. 

Rock- 
hill. 

Cataw- 
ba. 

Sea -ft 

"770 

d860 

910 

1.220 

Sept •  . . 

8ec-ft. 
1,318 
1,604 
1,817 
2,001 
2.482 

SeC'ft. 

■'"865" 
1,017 
1,060 
1,340 

Sec,-ft. 
0.441 
.54 
.61 
.70 
.835 

Secft. 

"b'sa" 

.66 
.60 
.873 

See.'ft. 

bl.SdO 

cl,575 

1,600 

2,300 

Aug  — 
Sept.... 
Jnne . . . 
Nov.... 

Oct 

Sept.... 
June ... 
Nov.... 

Minhnum  floi 
per  square 
mile  for  the 


Rock-  Catai 
hUI.    I     ha. 


Sec-rt. 
0.435 
.445 
.526 
.535 
.770 


Sec.-fL 

"b^m 

.553 


TVS 


a  Seven  days*  record. 

b  Also  in  July,  August,  and  September. 

c  Minimum  occurred  in  January.  September  minimum  was  1,700  second -feet,  or  0.580  second- 
foot  per  square  mile. 

dMinimom  in  October.  September  minimum  900  second-feet,  or  0.579  second-foot  per  square 
mile. 


WATER  POMTERS. 

Between  Morganton  and  the  month  of  Mill  Creek,  a  distance  of  50 
miles,  there  are  197  shoals  with  an  average  fall  of  about  2  feet.  In 
McDowell  County  the  fall  of  the  river  is  very  great,  there  being  in 
one  or  two  cases  vertical  drops  of  100  feet,  but  the  channel  is  so  nar- 
row that  the  power  is  not  of  great  value  for  development.  Rock  Ford 
Shoal,  at  Morganton,  has  a  natural  fall  of  9^  feet  in  a  distance  of 
about  1,500  feet. 

Although  the  investigation  embraced  only  the  portion  of  the  drain- 
age basin  above  Morganton,  as  some  of  the  chief  water  powers  of  the 
river  are  below  that  place  they  will  be  mentioned  in  this  connection. 
Briefly  described,  they  are  as  follows: 

Devil  Shoal  has  a  fall  of  14  feet  in  a  distance  of  1  mile,  and  is  well 
located  for  improvement.  Horsef ord  Shoal,  3  miles  north  of  Hickory, 
has  a  fall  of  81  feet  in  2.9  miles;  the  power  is  utilized  to  only  a  limited 
extent.  The  Great  Fall  Shoals  have  a  fall  of  14.8  feet  in  a  distance 
of  1  mile.  Canoe  Landing  Shoal,  about  2  miles  above  the  mouth 
of  Lower  Little  River,  has  a  fall  of  8.9  feet  in  a  distance  of  1.87  miles. 
The  Lower  Little  River  Shoals  are  between  the  upper  end  of  Druin 
Island  and  the  lower  end  of  Three-Cornered  Island,  with  a  fall  of  9.7 
feet  in  a  distance  of  1.16  miles.  Lookout  Shoal,  about  6  miles  above 
Catawba  Station,  has  the  greatest  fall  of  any  shoal  on  the  river  in 
North  Carolina,  the  descent  being  54.25  feet  in  a  distance  of  3.2  miles. 
About  30  feet  of  this  fall  is  said  to  occur  in  a  distance  of  three-fourths 
of  a  mile.  The  Buffalo  Shoals  have  a  fall  of  11.4  feet  in  a  little  more 
than  a  half  mile;  they  are  a  short  distance  below  the  Western  North 
Carolina  Railroad  crossing.  Long  Island  Shoal,  about  7  miles  south- 
east of  Ca-tawba  Station,  has  been  improved  and  a  cotton  factory 
constructed  to  utilize  the  power.  Monbo  Shoal  is  utilized  by  a  cotton 
mill.     Beatties  Ford  Shoal  has  a  fall  of  13  feet  in  2.38  miles,  and 
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Cowan  Ford  Shoal  a  fall  of  27  feet  in  a  distance  of  4.17  miles.  Moun- 
tain Island  Shoal  is  utilized  to  a  small  extent  by  a  cotton  factory 
containing  6,300  spindles  and  using  a  fall  of  22.5  feet.  Tuckasegee 
Shoal,  about  &  miles  above  the  State  line,  has  a  natural  fall  of  11  feet 
in  a  distance  of  1  mile,  and  is  utilized  by  a  cotton  mill  of  6,000  spin- 
dles. Near  the  State  line  there  are  several  shoals  with  falls  of  from 
3  to  5  feet,  some  of  which  have  been  used  to  a  limited  extent,  but 
considerable  difficulty  has  been  exx)erienced  from  high  water. 

TRIBUTARIES  OF  CATAWBA  RIVER. 
DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  important  tributaries  of  the  Catawba  above  Morganton,  N.  C,  in 
order  downstream: 

Discharge  measurements  of  tributaries  of  Catawba  River, 


Date. 


1900. 
June  28 
Aug.SU 
Sept.  30 
June  28 
Do... 

Aug.  ao 

June:28 
Aug.  28 
June  28 

Aug.  28 
June  14 


Aug. 
July 


20 

a 


Stream. 


Aug.  18 
Sept.  21 
June  15 
June2H 
June  U 
June  10 
July  10 
Aug.  17 
Sept.  21 
June  14 
June  16 
July  10 
Aug.  17 
June  21 
June  24 
June  14 
July  3 
July  10 
Aug.  17 
Sept  21 
June  14 

June  18 
Aug.  17 
June  14 
Aug.  10 
Sept.  24 


Mill  Creek.... 

do 

.....do 

Jarrett  Creek 
Curtis  Creek.. 


Locality. 


do 

Crib  Creek. . 

do 

Clear  Creek. 

do 

Buck  Creek. 


Ca- 


do 

North  Fork  of 
tawba  River. 

do 

do 

Turkey  Cove  Creek. 

do 

Muddy  Creek 

do 

do 

do 

do 

Paddy  Creek 

do 

do 

do 

Linville  River 

do 


...  -do 

do 

...do 

do 

do 

Cane  Creek 


do 

do 

Silver  Creek. 

do 

do 


Oldfort  

.....do 

....do. 

Near  Oldfort 

200  feet  above  ford  of  Oldfort 

road. 

.....do 

Near  ford  of  main  road 

do 

200  feet  above  ford  of  main 

road. 

do 

i  mile  above  moutti,  at  main 

ford. 

do 

First  ford  above  mouth 


Hydrographer. 


H.  A.  Pressey 
N.C  Curtis.. 

do 

H.  A.  Pressey 
do 


N.  C  Curtis- 
H.  A.  Pressey 
N.  C.  Curtis . . 
H.  A.  Pressey 

N.  C.  Curtis . . 
H.  A.  Pressey 


do 
do 


IflOI. 
June  14  ' do. 


Just  above  second  ford 

do 

Bridgewater 

do 

do 

do 

do 

Near  Bridgewater 

do  

do   

do 

Linville 

do  

Near  Bridgewater 

do 

do 

do 

.  ..  do 

Lowest  ford  of  main  Morgan- 
ton  road. 

do 

do 

Near  Morganton 

do 

do 


do 


N.C.  Curtis. - 
H.  A.  Pressey 

N.C.  Curtis.. 

do 

L.  V.Branch. 

do 

H.  A.  Pressey 
L.V.  Branch. 

do 

N.C.Curtis.. 

do 

H.  A.  Pressey 
L.  V.Branch. 

do 

N.C.Curtis.. 

H.  A.  Pressey 

do 


H.  A.  Pressey 

L.  V.  Branch . 
N.C.  Curtis. - 
L.V.Branch. 
N.C.Curtis.. 
do 


Qaffe 
height 


Feet. 
3.86 
6.73 


4.9 


5.35 


E.W.Myers 13.08 


3.18 

6.75 

6.30 

6.80 

4.1 

6.0 

6.43 

6.34 

11.3 

5.4 

11.55 

12.35 

14.83 

14.23 

9.92 

9.54 

9.90 

10.15 

9.8 

5.72 

6.85 

6.3 

6.84 

8.30 

8.20 


Dis- 
charge. 


Sec'St. 
85.0 
27.0 
13.0 
17.0 
82.11 

16.60 
28.08 
10.0 
25.25 

12.0 
6L91 

41.4 
240.2 

67.3 
61.69 
2L4B 
164.8 
161.9 
618.0 
119.2 
98.6 
101.7 
19.78 
208.67 
11.5 
7.0 
21.0 
90.22 
104.0 
216.0 
116.0 
78.0 
66.0 
18.58 

28.45 

7.2 

124.0 

48.4 

56.0 


995.0 
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Discharge  measurements  of  tributaries  of  Caiaioba  River — ^Ckmtinned. 


Date. 


1900. 
June  13 
July  6 
Aug.  8 
Sept.  24 
June  20 

Do.. 

Do... 

Sept.  26 
Nov.  6 
Jane  18 
June  10 
July  6 
Aug.  8 
Sept.  24 
Nov.  7 
Sept.  25 
Nov.  6 
Do... 
June  13 
July  6 
Aug.  8 
Sept.  24 


Stream. 


Upper  Creek 
do 


do 

do 

do 

do , 

Steel  Creek. 


John  River 

do 

do 

....do 

.....do 

do 

....do 

do 

Mulberry  Creek. 

do 

Wilson  Creek.... 

Lower  Creek 

....do 

....do 

....do  


Locality. 


i  mile  above  moath 

do 

do 

do 

Ford  at  Henderson's  mill 

Upper  Creek  Palls 

Footbridge  100  yards  above 
mouth. 

CoUettsvnie 

do 

Near  Morgan  ton 

do 

do 

do 

do 

do 

At  mouth 

do 

...do 

2  miles  above  mouth 

do 

do 

do 


Hydrographer. 


N.C.  Curtis.. 
L.  v.  Branch. 
N.C.Curtis.. 

do 

H.A.Pressey 

do 

do 


N.C.  Curtis. 
...do 


N.C.Curtis.. 

do 

.....do 

E.  W.  Myers . 
L.y.  Branch. 
N.  C.  Curtis . 
...do 


Oage 
hei^t. 


Feet 
2.2 
2.3 


12.9 

'3.'26 

4.77 
4.47 
2.64 
8.50 
2.63 
1.00 
1.90 
2.82 
7.86 
7.95 
0.75 
14.56 


15.38 


DIs- 
charge. 

Sec.-fU 
lie.  4 

5ao 

8S.06 

6ao 

20.42 
27.0 

100.  asi 

40.0 
135.0 
465.0 
1,202.0 
511.0 
135.0 
14&0 

asT.o 

17.0 

39.0 

206.0 

2U9.0 

138.0 

09.0 

56uO 


Note.— At  regular  stations  of  the  Qeological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  Increase  in  the  discharge 
of  the  stream.  This  is  true  of  the  measurements  in  above  table  of  John  River  near  Morganton 
and  of  LinviUe  River  near  Bridgewater.  In  making  all  of  the  other  measurements,  however,  in 
each  case  a  bench  mark  was  established  and  measurements  were  made,  by  means  of  a  steel  tape, 
of  the  distance  fiom  the  bench  mark  to  the  surface  of  the  water.  In  these  cases,  therefore,  an 
increase  in  the  gage  height  means  a  lowering  of  the  water  surface  and  a  corresponding  decrease 
in  the  discharge  of  the  stream. 

The  principal  tributary  drainage  basins  and  water  powers  are  briefly 
described  on  the  following  pages. 

CENTER,  CRIB,  AND  CLEAR  CREEKS. 

Of  the  tributaries  from  the  north,  Center,  Crib,  and  Clear  creeks 
have  drainage  areas  of  a  similar  character.  There  is  considerable  fall 
near  their  sources,  which  gradually  becomes  less  as  the  streams  are 
descended,  the  valleys  broadening  out  and  being  partially  cultivated. 
About  three-fourths  of  the  drainage  areas  are  forest-covered.  The 
streams  are  too  small  for  extensive  water-power  development,  bat 
two  small  gristmills  have  been  built  on  Crib  Creek.  The  low-water 
flow  of  the  stream  is  so  small,  however,  that  the  mill  can  not  be  run 
during  the  dry  season. 

BUCK  CREEK. 

This  creek  rises  in  Buck  Creek  Gap,  and  has  a  drainage  basin 
similar  to  the  creeks  just  described,  though  much  larger.  The  fall 
is  very  great  along  its  upper  course.  SLx  miles  from  its  mouth  are 
the  falls  of  Buck  Creek,  with  a  vertical  drop  of  12  feet.  A  rough 
and  rocky  highway,  leading  from  Marion  through  Yancey  County, 
follows  the  stream  throughout  its  course.  The  scenery  near  the  gap 
is  very  fine.  Two  mills  have  been  constructed,  and  are  run  during 
a  part  of  the  year.     Near  the  mouth  of  the  creek  there  are  some 
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good  farms.  About  a  quarter  of  a  mile  above  the  mouth  the  Marion- 
Oldf  ort  road  crosses  the  creek.  Here  measurements  were  made  of  the 
discharge  (see  table  on  page  151). 

NORTH  FORK  OF  CATAWBA  RIVER. 

This  stream  enters  the  Catawba  near  Marion.  At  its  headwaters  it 
is  a  mountain  stream  with  very  heavy  fall,  draining  the  narrow  valley 
between  the  Blue  Ridge  and  the  Linville  mountains.  The  mountain 
slopes  are  covered  with  a  valuable  growth  of  timber,  practically  no 
cutting  having  been  done  on  them.  About  7  miles  downstream  the 
valley  broadens  slightly  and  furnishes  a  very  fertile  soil  excellent  for 
agricultural  purposes.  This  valley  land  has  been  cleared  and  is  now 
largely  in  grain  or  grass.  About  three-fourths  of  the  drainage  area 
is  still  in  forest.  Two  small  combined  gristmills  and  sawmills  have 
been  built  on  the  stream,  with  falls  of  6  and  8  feet.  Turkey  Cove 
Creek,  a  branch  of  the  North  Fork,  is  a  mountain  stream  of  consider- 
able fall,  with  wooded  slopes.  The  total  drainage  area  of  the  North 
Fork  is  835  square  miles. 

PADDY  CREEK. 

This  creek  has  the  same  general  characteristics  as  the  other  north- 
ern tributaries  of  the  Catawba  in  the  region.  Its  headwaters  are  on 
tlie  steep  slopes  of  the  Linville  Mountains,  and  its  lower  course  is 
across  the  Catawba  Valley.  Its  watershed  is  long  and  narrow,  being 
close  to  Linville  River  on  one  side  and  flowing  nearly  parallel  to  the 
Catawba  on  the  other. 

LINVILLE  RIVER. 

This  river  is  formed  by  a  number  of  small  streams  which  head  on 
Grandfather  and  Sugar  mountains  and  in  Linville  Gap.  The  sources 
of  most  of  the  streams  are  large  springs,  which  are  numerous  through- 
out the  region,  furnishing  perfectly  clear  and  chemically  pure  water. 
Grandfather  Mountain  has  an  elevation  of  5,964  feet;  the  heads  of 
most  of  the  streams  rising  upon  its  slopes  are  at  an  elevation  of  5,000 
feet.  The  elevation  of  Sugar  Mountain  is  5,289  feet,  while  Linville 
Gap,  between  these  two  high  peaks,  has  an  elevation  of  4,097  feet. 
Four  miles  south  of  Grandfather  Mountain  is  Grandmother  Mountain, 
elevation  4,686  feet,  upon  which  rises  Grandmother  Creek,  which  flows 
into  Linville  River  1  mile  below  the  village  of  Linville. 

The  mountain  slopes  are  steep  and  rocky,  the  small  streams  falling 
in  a  series  of  cascades.  The  virgin  growth  of  timber  is  still  on  the 
mountain  sides  and  extends  to  the  summits,  practically  no  cutting 
having  been  done.  Three  miles  below  Linville,  at  Pineola,  there  is  a 
healthy  growth  of  white  pine,  but  from  Linville  upstream  the  river 
is  above  the  white-pine  belt,  the  growth  changing  to  spruce,  chestnut, 
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white  and  red  oak,  poplar,  linn,  ash,  buckeye,  birch,  beech,  cherry, 
and,  on  the  highest  elevations,  balsam  fir.  The  temperature  is  usually 
low,  frosts  having  been  known  t<o  occur  in  each  month  of  the  year. 

Below  Grandmother  Creek  the  river  has  no  tributaries  of  any  siae. 
From  Grandfather  Mountain  to  Linville  Falls  its  valley  is  narrow,  the 
land  on  both  banks  rising  abruptly  to  the  mountain  summits,  permit- 
ting only  short  tributaries  and  a  narrow  drainage  area.  Linville,  a 
village  of  about  thirteen  houses  and  a  summer  hotel,  is  between  the 
river  and  Grandmother  Creek,  on  a  comparatively  flat  area,  and  PMne- 
ola,  3  miles  below,  a  village  built  up  largely  during  1900,  occupies 
another  flat  section. 

The  falls  of  the  Linville,  located  near  the  Mitchell-Caldwell-McDow- 
ell  County  line,  have  an  aggregate  fall  of  90  feet  in  four  clear  leaps. 
The  first  fall  is  50  feet  upstream  from  the  main  fall,  and  is  a  vertical 
drop  of  15  feet.  There  are  then  three  drops  in  quick  succession  of  25, 
10,  and  40  feet,  respectively.  The  water  at  the  last  drop  (see  PL 
XXXYIII)  falls  in  one  sheet  into  a  still  pool,  from  which  it  flows 
thi-ough  a  narrow  gorge  10  miles  long  between  Gingercake  Mountain, 
Hawks  Bill,  Table  Rock,  and  Shortoff  Mountain  on  the  east  and  the 
Linville  Mountains  on  the  west.  The  walls  of  this  gorge  are  precip- 
itous, in  many  places  almost  vertical,  and  rise  to  heights  of  from 
500  to  2,000  feet.  Through  it  the  Linville  has  no  tributaries,  receiv- 
ing only  the  water  which  falls  on  the  steep  slopes  and  the  flow 
from  the  springs  on  the  mountain  sides.  It  may  well  be  considered 
one  of  the  greatest  mountain  features  of  the  region.  The  high  and 
rocky  walls  are  so  close  to  the  river  that  there  is  no  space  for  high- 
way or  railroad.  In  fact  it  is  with  the  greatest  difficulty  that  one  can 
make  his  way  through  the  chasm,  jumping  from  rock  to  rock,  cling- 
ing to  rocky  ledges,  and  in  places  where  no  foothold  is  offered  on 
either  side  wading  the  stream.  The  scene  is  grand  and  inspiring, 
viewed  either  from  the  chasm,  where  immense  vertical  rocky  cliffis 
rise  on  either  hand,  showing  nothing  beyond  but  the  blue  sky,  or  from 
the  upper  edge  of  the  gorge,  where  one  can  look  vertically  down  sev- 
eral hundred  feet  and  see  the  rapid,  sinuous  stream  cutting  its  way  to 
the  valley  below. 

At  Linville  Falls,  at  the  upper  end  of  the  chasm,  the  drainage 
basin  of  the  main  stream  and  its  tributaries  has  an  area  of  50  square 
miles.  The  next  10  miles  of  the  course  of  the  river  is  through  the 
gorge.  After  emerging  from  the  rocky  walls  of  the  chasm  it  flows  for 
8  or  9  miles  as  a  comparatively  quiet  stream  through  •  Birch  Bottom 
and  Catawba  Valley,  finally  joining  its  waters  to  Catawba  River. 

At  Linville  records  of  rainfall  have  been  kept  by  the  United  States 
Weather  Bureau  for  nearly  eight  years.  These  records  show  that  the 
annual  precipitation  is  about  46  inches,  distributed  as  follows:  Spring, 
11.50  inches;  summer,  13.50  inches;  autumn,  9. 50  inches;  and  winter, 
11.50  inches.     The  climate  is  pleasant  and  very  healthful,  so  that 
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numerous  summer  visitors  take  advantage  of  the  excellent  hotel 
accommodations  at  Linville,  at  the  foot  of  Grandfather  Mountain. 

There  are  opportunities  for  development  of  water  power  on  the  Lin- 
ville and  its  tributaries.  On  Grandmother  Creek  the  Linville  Improve- 
ment Company  has  built  a  timber-crib  dam  across  the  stream  near 
its  mouth,  to  form  a  fish  and  ice  pond.  The  dam  is  20  feet  high,  but 
its  height  could  be  increased  and  a  small  water-power  plant  installed. 
There  is  another  site  farther  up  the  creek  where  a  fall  of  15  or  20  feet 
could  be  developed. 

At  Linville  Fails,  on  the  main  stream,  at  the  head  of  the  gorge, 
coDsiderable  power  could  be  developed,  though  the  chasm  is  so  narrow 
that  there  would  be  difficulty  in  finding  space  for  buildings.  From 
Linville  Falls  to  the  point  where  the  river  enters  the  flat  plain  of  the 
Catawba  Valley  the  fall  of  the  river  is  large,  with  frequent  drops  of 
3  or  4  feet.  About  2  miles  below  Linville  Falls,  near  Bynums  Bluff, 
there  is  a  fall  of  5  feet,  and  1^  miles  farther  down  is  what  is  known  as 
Cascade  Rock,  where  the  river  falls  vertically  12  feet.  From  the  foot 
of  the  falls  to  the  Catawba  Valley  the  fall  of  the  river  is  about 
1,800  feet.  None  of  the  power  in  the  gorge  or  at  the  falls  has  been 
developed. 

There  are  several  small  mills  on  the  river.  One  mile  above  Linville 
there  is  a  small  sawmill  and  gristmill  with  an  8-foot  timber  dam,  which 
has  sufficient  water  to  run  throughout  the  year.  Two  miles  above 
Linville  Falls,  at  the  mouth  of  Camp  Creek,  there  is  a  sawmill  and 
gristmill  utilizing  an  8-foot  fall,  and  1  mile  above  the  falls  there  is  a 
sawmill  with  a  timber  dam  10  feet  high,  a  46-inch  turbine  being  used 
to  run  a  circular  saw.  At  the  Franklin  mill,  a  half  mile  above  the 
falls,  Pine  Creek  has  a  10-foot  fall,  and  power  i6  furnished  by  over- 
shot wheels  and  turbines.  About  4  miles  above  the  mouth  of  the 
river,  at  Berry's  mill,  an  11-foot  head  is  utilized  with  a  4- foot  home- 
made wheel,  and  3^  miles  lower  down,  at  Pool's  mill,  a  9-foot  fall  is 
utilized  for  a  gristmill  run  by  a  20-inch  and  a  36-inch  wheel.  On  July 
3,  1900,  a  gage  was  established  at  the  latter  mill,  and  the  miller  reads 
the  height  of  the  river  every  day.  Measurements  of  flow  have  also 
been  made,  the  results  of  which  are  given  in  the  table  on  page  151. 

In  ordinary  years  the  river  has  a  fluctuation  of  about  8  feet  at  Pool's 
mill,  though  on  September  6  and  7,  1898,  the  water  rose  18  feet  in 
forty-eight  hours.  This  is  the  highest  stage  known,  but  in  1882  there 
was  a  rise  of  about  17  feet. 

CANE   CREEK. 

Cane  Creek,  flowing  into  the  Catawba  from  the  north,  drains  16 
square  miles  of  comparatively  flat  and  open  country,  much  of  which 
is  under  cultivation.  There  is  very  little  fall  in  this  stream.  The 
measurements  made  are  given  in  the  table  on  page  151. 
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UPPER  CREEK. 

This  stream,  the  next  important  tributary  of  the  Cat-awba  from  the 
north,  rises  on  Jonas  Ridge  and  Cranberry,  Cold,  and  Park  moun- 
tains, at  an  elevation  of  about  4,000  feet.  The  sides  of  these  moun- 
tains are  for  the  most  part  steep  and  precipitous  and  are  covered  with 
a  dense  forest  growth.  The  most  common  trees  are  chestnut,  oak, 
white  pine,  and  poplar.  Very  little  of  the  original  timber  has  been 
cut,  though  fires  have  spread  over  considerable  areas,  seriously  injur- 
ing the  forests.  As  the  fires,  however,  were  widely  separated,  both 
in  time  and  in  area,  the  drainage  basin  near  the  headwaters  of  the 
stream  is  almost  entirely  forest  covered,  either  with  the  original  timber 
or  with  a  younger  forest  growth. 

A  large  part  of  the  regular  flow  of  the  creek  is  made  up  of  effluents 
from  springs,  which  are  numerous  on  the  mountain  slopes.  To  thLs 
flow,  however,  is  added  the  surface  drainage  from  the  mountain  sides, 
which  in  the  upper  part  of  the  creek  reaches  the  stream  quickly,  so 
that  during  a  rain  the  creek  rises  rapidly  and  falls  soon  after  the  rain 
ceases. 

Throughout  this  and  the  neighboring  watersheds  will  be  found 
shady  ravines,  with  springs  breaking  forth  and  adding  their  waters 
to  other  springs  until  a  considerable  stream  is  formed  with  a  com- 
paratively constant  flow.  The  Piedmont  Springs,  9  miles  from  the 
source  of  Upper  Creek,  have  been  celebrated  for  thirty  years,  and 
formerly  many  people  from  the  Southern  States  visited  them  as  a  sum- 
mer resort,  being  accommodated  in  a  large  hotel  close  at  hand.  The 
springs  are  charged  with  iron  and  soda.  Though  still  flowing,  they 
are  not  now  much  visited  and  the  hotel  has  fallen  into  decay.  About 
2i  miles  from  the  source  of  Upper  Creek  is  Cold  Water  Spring,  where 
a  hotel  has  recently  been  built  to  accommodate  summer  visitors. 

The  fall  of  Upper  Creek  and  its  tributaries  is  very  great  from  the 
headwaters  down  to  Piedmont  Springs.  The  two  forks  of  the  creek 
have  a  fall  of  250  feet  per  mile  to  their  junction.  In  the  next  mile 
there  is  a  fall  of  1,000  feet,  largely  made  up  of  a  series  of  small 
falls  of  from  5  to  10  feet.  About  one-fourth  of  a  mile  below  the  Cold 
Spring  hotel  there  is  a  single  fall  of  90  feet.  On  June  20,  1900,  the 
stream  was  measured  a  few  feet  above  these  falls,  and  the  quantity 
flowing  was  found  to  be  27  second-feet.  The  low- water  flow  is  prob- 
ably about  two-thirds  that  amount.  The  walls  here  are  steep  and 
rocky,  with  good  natural  abutments  for  a  dam,  though  the  fall  is  so 
great  that  the  storage  capacity  would  not  be  very  large.  About  three- 
fourths  of  a  mile  above  these  falls  there  is  a  combined  shingle  mill, 
sawmill,  and  gristmill.  An  8-foot  dam  has  been  built  across  the 
stream,  giving  an  18-foot  head  on  the  wheel — a  Smith-Morgan  turbine. 
A  half  mile  farther  down  there  is  another  small  sawmill  and  gristmill. 
Between  the  main  falls  of  Upper  Creek  and  the  gristmill  there  is  a  fall 
of  at  least  200  feet  in  a  distance  of  three-fourths  of  a  mile. 
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The  low-water  flow  of  the  creek  is  quite  large,  owing  to  the  many 
springs  in  its  watershed  and  to  its  forested  basin.  From  Jonas  Ridge 
down  to  Joy  the  drainage  area  is  completely  covered  with  forest  from 
the  river  bank  to  the  sammits  of  the  mountains.  The  most  common 
trees  are  chestnut-oak,  white  pine,  and  poplar.  At  Joy  there  is  a 
small  gristmill  with  a  6-foot  timber  dam,  and  a  half  mile  below  there 
is  a  gristmill  and  sawmill  with  a  flow  of  about  8  feet  over  a  timber  dam, 
two  36-inch  turbines  furnishing  the  power.  There  is  another  grist- 
mill on  Upper  Creek  near  the  mouth  of  Irish  Creek.  From  Joy  to  the 
mouth  of  Upper  Creek  the  valley  is  wider  and  the  hills  bordering 
the  watershed  are  comparatively  low  and  flat,  rising  on  either  side 
about  100  feet  above  the  stream.  The  hillsides  are  largely  covered  with 
forests,  the  growth  extending  to  the  banks  of  the  creek.  There  are, 
however,  open  cultivated  areas  through  the  valley,  the  chief  crops 
being  corn  and  wheat.  It  is  probable  that  two-thirds  of  the  total 
drainage  area  of  Upper  Creek  is  forested. 

Below  Joy  there  are  two  mills — Turner's  and  Wakefield's.  In  the 
next  mile  there  is  a  fall  of  about  25  feet,  the  ordinary  high-water  rise 
above  the  present  stage  being  about  7  feet.  Turner's  mill  is  a  grist- 
mill and  sawmill  with  a  fall  of  about  8  feet,  two  36-inch  Smith-Morgan 
turbines  being  used.  The  7-foot  dam  backs  the  water  about  a  quarter 
of  a  mile.  At  lowest  stages  the  water  is  about  6  inches  lower  than  at 
the  time  of  measurement,  when  the  discharge  was  20.42  second -feet. 
In  1898  there  was  unusually  high  water,  the  stream  rising  16  feet. 
Three  miles  below  Turner's  mill  is  Caldwell's  gristmill,  owned  by  Mrs. 
W.  C.  Anderson.  There  is  a  fall  of  7^  feet  here  and  backwater  for  1 
mile.  There  is  said  to  be  14  horsepower  available  with  one  Smith- 
Morgan  turbine  20  inches  in  diameter.  At  lowest  stages  the  stream  at 
this  point  falls  about  4  inches  below  the  surface  elevation  at  the  time 
of  measurement,  and  at  such  times  it  has  about  one-third  less  flow. 
During  high-water  periods  the  rise  is  about  6  feet.  The  highest  water 
known  was  about  12  feet  above  the  surface  elevation  at  the  time  of 
measurement. 

Steel  Creek, — This  tributary  of  Upper  Creek,  which  rises  on  Hawks 
Bill  and  neighboring  mountains,  enters  the  latter  creek  near  Joy.  Its 
drainage  area  has  the  same  general  characteristics  as  that  of  the  upper 
part  of  Upper  Creek,  and  its  fall  will  average  530  feet  per  mile  for  the 
first  3  miles,  200  feet  per  mile  for  the  next  2  miles,  and  50  feet  per  mile 
the  rest  of  the  way. 

JOHN  RIVER. 

John  River,  the  largest  tributary  of  the  Catawba,  adds  its  wat«r  to 
the  latter  stream  about  3  miles  northeast  of  Morganton.  Its  drainage 
area  contains  213  square  miles  and  is  extremely  rough  and  mountain- 
ous in  its  upper  part,  the  topography  becoming  gradually  more  gentle 
as  the  river  is  descended.     It  receives  its  headwaters  from  the  many 
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^ne,  large  springs  and  the  run-off  on  Grandfather  Mountain  and  the 
other  mountains  in  the  region  near  Blowing  Rock. 

This  drainage  basin,  with  its  fine  views,  its  dense  forests,  its  namer- 
oua  springs,  and  its  salubrious  climate,  is  one  of  the  most  beautiful 
and  delightful  parts  of  the  Southern  Appalachian  region.  The  many 
summer  guests  at  the  hotels  at  Blowing  Rock  and  Linville  are  well 
repaid  for  their  visit  by  a  day  spent  on  the  summit  of  Grandfather 
Mountain,  from  which  is  obtained  a  most> magnificent  view  of  the  great 
billowy  sea  of  mountains  stretching  away  from  it  in  every  direction. 
A  ride  over  the  Yonahlossee  road,  the  finest  mountain  road  in  the 
South,  with  its  frequent  glimpses  of  river  valleys  and  mountain  peaks 
beyond,  with  its  numerous  little  streams  which  dash  down  the  moun- 
tain sides,  cross  the  road,  and  leap  from  rock  to  rock  in  their  descent 
to  join  John  River  or  one  of  their  tributaries  far  below,  is  a  pleasure 
to  be  long  remembered. 

The  main  stream  and  its  upper  tributaries,  chief  among  which  are 
Mulberry  and  Wilson  creeks,  have  falls  of  2,000  or  3,000  feet  in  the 
first  few  miles  of  their  courses.  Vertical  falls  are  frequent,  especially 
on  Wilson  Creek,  and  considerable  power  could  be  developed.  Above 
Collettsville,  at  the  junction  of  Mulberry  Creek  with  John  River,  the 
drainage  area  is  rough,  the  valley  narrow,  and  the  mountain  slopes 
steep  and  well  timbered.  Below  the  junction  the  valley  widens  con- 
siderably, and  where  cleared  of  trees  it  presents  a  splendid  farming 
country.  There  are  great  tracts,  however,  which  are  still  in  timber. 
On  the  ridge  to  the  west  of  the  river  there  has  been  considerable 
prospecting  for  gold,  and  a  plan  has  been  considered  of  constructing 
a  flume  to  carry  water  from  Wilson  Creek  across  John  River  for  use 
in  hydraulic  mining. 

LOWER  CREEK. 

Lower  Creek,  the  next  tributary  of  the  Catawba  from  the  north,  has 
a  comparatively  flat  watershed.  The  fall  is  not  so  great  as  that  of  the 
upper  branches,  and  in  every  way  the  creek  has  more  the  nature  of  a 
stream  of  the  Piedmont  Plain. 

YADKIN  RIVER. 
PHYSICAL  FEATURES. 

Yadkin  River  rises  on  the  eastern  slopes  of  the  Blue  Ridge,  in  Cald- 
well and  Watauga  counties,  near  Blowing  Rock,  N.  C.  Its  course  is 
almost  south,  until  at  Patterson  it  turns  to  the  northeast.  It  was 
examined  and  gagings  were  made  as  far  down  as  Ararat  Riv^er,  a 
large  tributary  from  the  north.  In  this  portion  of  its  course  it  flows 
through  Caldwell  and  Wilkes  counties  and  between  Yadkin  and  Surry 
counties. 
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Beginning  at  Siloam,  where  the  flood  plain  of  the  river  19  about 
three-fourths  of  a  mile  wide,  the  bottom  land  gradually  widens  as  the 
head  of  the  stream  is  approached,  being  in  some  places  nearly  2  miles 
in  width.  The  flood  plain  is  subject  to  occasional  overflows.  Its  soil 
is  very  deep  and  fertile,  the  result  of  washings  from  the  mountain 
slopes  above.  The  river  basin  between  Patterson  and  Siloam  varies 
in  width  from  5  to  25  miles.  The  divides  which  separate  it  from  the 
basins  of  the  New  and  the  Catawba  are  high  and  steep,  so  that  the 
tributary  streams  are  not  very  long,  bnt  they  have  large  falls.  On  the 
north  the  river  is  flanked  by  the  Blue  Ridge,  whose  highest  peaks 
attain  elevations  of  more  than  4,000  feet.  On  the  south,  and  lying 
closer  to  the  stream,  are  the  Brushy  Mountains,  a  low  ridge  which  in 
places  attains  an  elevation  of  2,000  feet. 

The  upper  part  of  the  valley  of  the  Yadkin  is  very  well  wooded,  and 
the  forests,  with  the  deep  soil  on  the  mountain  sides,  tend  to  make  the 
flow  of  the  stream  more  constant  than  might  be  expected  in  the 
absence  of  lakes  or  marshes  to  act  as  regulators.  .The  highest  flood 
of  which  there  is  any  record  extant  was  in  1878,  when  the  river  rose 
23  feet.  The  floods  are  of  short  duration,  generally  subsiding  in  from 
thirty-six  to  forty-eight  hours.  It  is  said  that  twenty-five  years  ago 
high  floods  very  rarely  occurred,  and  their  frequency  now  is  accounted 
for  by  the  clearing  of  the  hills  and  the  removal  of  obstructions  from 
the  river.*  The  lowlands  are  more  frequently  overflowed  than  for- 
merly, and  more  damage  is  done  to  the  crops.  The  annual  rainfall 
in  the  upper  valley  varies  from  44  to  50  inches. 

Between  Patterson  and  Wilkesboro  the  lowlands  are  in  places  a  mile 
or  more  in  width  and  are  exceedingly  fertile.  This  region  is  known 
as  Happy  Valley,  and  is  considered  to  be  among  the  finest  agricul- 
tural sections  of  the  State.  The  chief  products  are  corn,  wheat, 
tobacco,  cotton,  cane,  and  fruits.  The  corn  and  wheat  raised  are 
especially  good.  Pasture  land  in  the  immediate  vicinity  is  poor,  but 
along  the  slopes  of  the  Blue  Ridge  grazing  is  better  and  considerable 
hay  is  produced.  The  climate  is  salubrious.  The  Wilkesboro  divi- 
sion of  the  Southern  Railway  passes  up  the  north  banks  of  the  Yadkin 
as  far  as  the  town  of  North  Wilkesboro.  The  only  two  towns  of  any 
importance  along  this  part  of  the  stream  are  Elkin  and  Wilkesboro. 
Both  are  growing  rapidly  and  give  promise  of  continual  development. 

The  well-defined  river  basin  of  the  Yadkin  is  marked  by  an  appar- 
ently unbroken  valley  floor  lying  at  an  average  elevation  of  1,200  feet. 
This  floor,  which  rises  by  a  gentle  inclination  from  about  1,100  feet 
along  the  river  to  1,400  feet  at  the  bases  of  the  bounding  ranges,  can 
be  seen  to  best  advantage  when  standing  on  the  steeper  slopes  of  the 
mountains,  as,  for  instance,  on  the  road  from  Lambsburg  to  Gold 
Spring,  in  the  northern  part  of  Surry  County.  As  soon  as  one 
approaches  the  tributaries  or  the  river  itself,  it  is  evident  that  the 
valley  floor  is  not  continuous,  but  that  it  has  been  deeply  trenched  by 


•Ann.  R«pt.  Cblof  of  Engineers  U.  S.  A.,  1878,  p.  628. 


160        SOUTHEEN  APPALACHIAN  MOUNTAIN  BEOION,  PT.  II.         [wo.«3w 

« 

nearly  all  of  the  streams  belonging  to  this  jwrtion  of  the  Yadkin  river 
system.  The  trench  now  occupied  by  the  main  river  is  from  300 
feet  to  400  feet  below  the  general  level  of  the  valley,  and  varies  in 
width  from  a  half  mile  to  a  mile  and  a  quarter.  The  width  of  the 
trench  is  clearly  influenced  by  varying  resistance  in  the  rock  series 
crossed  by  the  stream ;  the  depth,  however,  seems  to  increase  uniformly 
downstream,  without  relation  to  rock  resistance.  The  bottom  of  the 
main  trench  is  covered  with  alluvial  sands,  gravels,  loams,  or  clay  to 
a  depth  of  from  15  to  20  feet.  Through  the  bottoms  thus  formed  the 
river  pursues  a  meandering  course,  being  sunk  about  10  feet  below 
the  general  level  of  the  valley  floor  at  Siloam  and  not  more  than  5 
feet  below  in  the  vicinity  of  Patterson's  mill. 

The  trenches  cut  by  the  tributary  streams  are  narrower  than  the 
main  trench,  have  steeper  bounding  slopes,  which  are  sometimes  pre- 
cipitous, and  have  narrower  bottoms,  which  often  extend  far  up  the 
streams.  Near  their  mouths  the  tributary  valleys  are  very  narrow, 
their  channels  steep,  and  usually  a  number  of  low  cascades  over  resist- 
ant layers  characterize  the  debouchments  of  the  streams  upon  the 
broader  bottoms  of  the  river. 

Along  the  steep  slopes  of  the  trench  of  the  main  stream,  and  over- 
looking the  lower  bottoms,  are  two  sets  of  river  terraces,  which  have 
been  partially  cut  out  of  the  deeply  decayed  gneissic  rocks  and 
partially  built  up  of  stratified  gravels,  sands,  and  clays.  These  two 
terraces  are  at  elevations  of  20  and  60  feet  above  the  lower  bottoms. 
In  places  traces  of  a  third  terrace,  at  about  100  feet,  can  be  seen. 
Deposits  similar  in  character  and  form  can  be  found  in  the  tributAiy 

gorges,  usually  at  the  100-foot  elevation. 

••■• 

SOILS. 

In  general  the  rocks  of  the  re^on  are  schists  of  moderate  compact- 
ness, with  gneissic  and  slaty  bands  in  the  vicinity  of  Blowing  Rock. 
Near  Mount  Airy  the  metamorphie  crystallines  seem  to  have  been  cut 
by  compact  granitic  rocks,  which  withstand  weathering  much  better 
than  the  surrounding  formation,  and  thus  have  formed  low  hills  stand- 
ing above  the  general  level  (1,200  feet)  of  the  valley  floor.  The  gra- 
nitic rocks  on  disintegrating  produce  clays  and  sands;  but  the  areas 
covered  by  the  resulting  soils  are  small.  The  metamorphie  rocks  gen- 
erally produce  clayey  subsoils,  with  a  not  very  porous  top  soil.  In  some 
localities  an  unusual  amount  of  quartz  in  the  rocks  has  I'esulted  in  the 
production  of  sandy  soils.  Thus  the  soils  of  the  valley  floor  are  gen- 
erally rather  heavy,  with  an  impervious  subsoil.  Consequently  neither 
heavy  rains  nor  the  average  moderate  precipitation  penetrates  to  a 
great  depth.  Instead  the  water  gathers  into  surface  rills  and  rapidly 
flnds  its  way  into  the  streams,  at  the  same  time  carrying  with  it  a 
large  portion  of  the  looser  surface  soil. 

The  nearly  level  elevated  valley  floor  has  been  almost  wholly 
cleared  of  timber.     In  it  areas  of  remarkable  fertility  occur  at  inter- 
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vals.  These  have  been  extended  in  size  and  in  depth  by  the  wash 
from  the  mountain  aides.  The  soil  of  the  slopes  on  the  north  side  of 
the  stream  is  largely  siliceous  and  is  well  mixed  with  humus  and  vege- 
table mold,  affording  rich  pasture  and  farm  lands.  The  soil  of  the 
mountain  slopes  on  the  south  side  of  the  river  is  shallow  and  com- 
paratively poor. 

FORESTS. 

The  forest  growth  consists  chiefly  of  oak,  chestnut,  poplar,  and 
linn,  with  some  pine,  and  with  occasional  patches  of  hemlock.  Near 
the  railroad  considerable  cutting  of  the  best  trees  has  been  done,  but 
in  many  partvS  of  the  area  the  timber  is  practically  untouched.  Con- 
siderable damage  has  also  been  caused  by  forest  flres,  though  in  most 
places  the  injury  from  this  cause  has  not  been  serious  or  permanent. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  river  at  various  localities  along  its  course: 

Discharge  measurements  of  Yadkin  River. 


Date. 


igoo. 

June  20 

July  14 
Aug.  7 
Sept.  86 
JuneSn. 
June  28 
4 
12 
6 
1 
4 


July 

July 

Aug. 

Oct. 

Nov. 


Locality. 


Second  ford  below  Patterson's  mill... 


do 

do 

do 

Wilkes  boro 

....  do 

do 

do 

do 

....  do 

do 


1901.     ■ 

June  8    do  . 

June  14    do  . 

June  15    do  . 

June  18    do  . 

1900.     . 
July  11  ;  Siloam 

Aug.   3  I do  . 

Oct.  31    do. 


Hydrographer. 


N.  C.  CurtiBand  Cleveland 

Abbe,  Jr. 
do 


do. 
.do. 
.do. 
.do 
.do. 
do. 
.do. 
.do. 
.do. 


.do. 
-do. 
.do. 
.do. 


Gage 
leignt. 


heig 


Feet. 
18.30 

13.50 
13.40 
13.63 
28.73 
26.14 
26.83 
27.06 
27.20 
27.20 
26.22 


Dis- 
charge. 


Sec-feet. 
1£ 


82.0 


100.3 

76.2 

43.0 

780.0 

1.737.0 
663.0 
488.2 
386.0 
360.1 

1.331.0 


26.81  1.762.0 

16.60  ,  11.667.0 

14.22'  12.582.0 

23.80  3,727.0 


.do. 
do. 
do 


2.90 
2.60 
3.10 


1,367.0 
1.218.0 
1,469.0 


Note. —At  regular  stations  of  the  Geological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  discharge 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  at  Siloam.  In  making  all 
of  the  other  measurements,  however,  in  eacb  case  a  bench  mark  was  established  and  measure- 
ments were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to  the  surface 
of  the  water.  In  these  cases,  therefore,  an  increase  in  the  gage  height  means  a  lowering  of 
the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream. 

For  several  years  the  Survey  has  maintained  a  gaging  station 
on  Ya.dk in  River  at  Salisbury,  also  one  at  Norwood,  both  farther 
downstream  than  the  present  investigation  extended,  the  results  of 
which  have  been  published  in  the  annual  reports.  The  station  at 
Norwood  was  discontinued  in  January,  1900, 
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WATER  POWERS. 

Between  Patterson's  mill  and  the  town  of  Patterson,  about  4  miles 
farther  upstream,  Yadkin  River  is  a  meandering  stream,  with  slight 
fall,  occupying  a  wide,  terraced  trench  about  80  feet  below  the  gen- 
eral level  of  the  trenched  valley  floor  already  described.  Although 
there  are  many  shoals  with  gravelly  bottoms  between  Patterson  and 
the  mouth  of  Little  Ararat  River,  there  are  no  good  water  powers, 
because  of  the  broad,  alluvium-lined  valley,  which  offers  no  anchor- 
age for  dams;  nor  are  there  any  sharp  falls  or  even  important  rapids 
sufficiently  high  to  furnish  useful  power.  About  1  mile  above 
Brown's  ford,  4  miles  west  of  Wilkesboro,  what  seem  to  be  gravelly 
shoals  in  the  river  accompany  a  fall  in  the  channel  of  5  feet  within  a 
quarter  of  a  mile.  The  bottom  lands  on  the  north  bank  of  the  river 
at  this  place  are  only  200  feet  wide.  On  the  south  side,  however, 
they  are  somewhat  wider  and  seem  to  afford  i)oorer  holding  ground. 
Again,  about  3  miles  above  Ronda  the  river  runs  at  the  bottom  of  a 
narrow,  rock-ribbed  trench,  and  its  channel  is  cut  across  by  rough 
ledges  of  hornblende-schist.  This  locality,  with  a  chaiinel  fall  of  5  or 
6  feet,  seems  to  be  the  best  on  the  whole  stretch  of  the  main  stream, 
having  a  good  foundation  for  a  dam  and  natural  abutments. 

There  are  no  mills  on  the  main  stream  between  Patterson's  mill  and 
Siloam.  At  Patterson,  4  miles  upstream  from  the  mill  mentione<l, 
there  are  two  mills.  The  first  one,  a  cotton  mill,  has  a  fall  of  aliout 
10  feet.  The  other  one,  a  few  hundred  yards  upstream,  is  a  woolen 
factory  operated  during  the  greater  part  of  the  year  by  water  jwwer, 
but  having  an  auxiliary  steam  plant  for  use  during  unusually  low 
water.  This  mill  uses  a  fall  of  25  feet,  obtained  by  sluicing  the  wat«r 
200  yards  from  a  15-foot  dam. 

Above  Patterson  the  river  occupies  a  narrow,  rock- walled  gorge, 
affording  many  good  powers,  though  a  number  are  at  present  inac- 
cessible. About  1  mile  above  the  woolen  mill  and  sawmill  just  men- 
tioned the  whole  volume  of  the  river  crosses  Ripshin  Mountain 
through  a  narrow  water  gap  floored  and  flanked  to  a  great  height  by 
firm  gneiss  and  schist.  The  channel  at  this  point  has  a  drop  of  cer- 
tainly 5  feet  within  half  as  many  rods,  and  a  dam  100  feet  long  and 
10  feet  wide  would  completely  flood  broad  meadow  lands  to  a  distance 
of  a  mile  upstream.  About  1^  miles  upstream  from  this  gap  through 
Ripshin  Mountain  a  small  mill  has  been  built  to  utilize  a  fall  of  10 
feet,  and  on  Mill  Fork,  one-fourth  mile  above  its  confluence  with  the 
Yadkin,  another  mill,  with  an  8-foot  fall,  has  been  established,  while 
about  1  mile  above  Kirby  Gap  this  same  stream  (Mill  Pork)  has  an 
almost  perpendicular  fall  which  is  estimated  to  be  250  feet. 

The  following  table  contains  interesting  data  regarding  the  eleva- 
tion, fall,  etc.,  of  the  river  in  various  portions  of  its  course  above  the 
mouth  of  Ararat  River: 
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Elevation^  fall,  etc,,  of  Yadkin  River  above  Ararat  River, 


Place. 

Distance 

from 
Siloam. 

Eleva- 
tion. 

1 
Distance      Fall 
between  between 
points.     i>oints. 

Fall  per 
mile. 

Average 
annual 
fluctua- 
tion. 

• 

Mouth  of  Ararat  River 

Miles. 

Feet 
798 

Miles. 

Feet 

Feet 

Feet 
6 

50 

130 

2.6 

Wilkesboro 

50 

028 

7 

82 

323 

10.06 

Patterson .-. 

88 

1.250 

5 

13 

2.250 

173.  or 

Head  of  stream 

05 

3,600 

Above  its  junction  with  Mill  Creek  the  river  pursues  a  winding 
course,  flowing  at  the  bottom  of  a  very  deep  and  narrow  gorge,  with 
an  average  fall  of  about  50  feet  to  the  mile. 

Below  Ararat  River  the  valley  of  the  Yadkin  averages  50  miles  in 
width,  much  of  it  composed  of  fertile  bottom  lands.  At  several 
places,  however,  the  hills  close  in  ui)on  the  river,  confining  it  between 
steep  and  rocky  banks.  In  this  lower  portion  of  its  course  there  are 
many  places  where  water  power  could  economically  be  developed. 
The  following  table  gives  the  locations  of  the  principal  powers: 

Summary  of  tvater  potoera  on  Yadkin  River,* 


Locality. 


Bluitts  Palls 

Grassy  Island  Shoal . . 

Swift  Island  Shoal 

Gunsmith  Shoal 

Narrows 

Bull  Island  Shoal 

Penningtons  Shoal 

Milledffevllle  Shoal... 

Motts  Falls 

Bald  Mountain  Shoal. 
Flat  Swamp  Mountain 

Shoal. 
Fries  Manufacturing 

and  Power  Co. 
Langenhour  &    Nea- 

son's  dam. 
Shallow  Ford  Shoal.. . 

Shoal    above    Shores 

Island. 

Bean  Shoal  (head) 

Lime  Rock  Shoal 

Shoal  below  Rockford 
Seven  Island  Shoal . . . 

Long  Shoal 

Woodruff  Fishtrap 

Shoal. 
Mitchell  Island  Shoal 

Swan  Creek  Shoal 

Reeve  Island  Shoal 

Blair  Island  Shoal 


• 

9 

Total 

a 

a 

5 

S 

QQ 

B 

s 

2 

18 

S 

© 

1 

"3 

•a 

C8 

.^4 

J^ 

1.1 

9 

Q 

Q 

m 

Feet 

Miles. 

8q.  mi. 
6,650 

12.0 

9.00 

13.0 

6,624 

36.00 

42.0 

4,323 

18.00 

57.5 

4.300 

9.50 

60.0 

3,988 

91.00 

65.0 

3,800 

29.00 

67.0 

3,900 

74.00 

70.0 

3,600 

14.00 

72.3 

3.400 

13.60 

73.8 

8,300 

8.60 

78.3 

3,000 

10.20 

131.5 

1,865 

10.00 

138.5 

1,827 

4.57 

145.0 

1.812 

7.89 

155.2 

1,633 

7.73 

164.7 

1,521 

39.17 

169.3 

1,165 

10.62 

174.8 

1,097 

8.38 

177.0 

1,066 

4.02 

182.0 

949 

11.18 

185.0 

925 

4.55 

186.6 

925 

4.00 

196.7 

739 

5.40 

206.5 

540 

3.86 

216.5 

420 

3.44 

1 

GO 

o 

a 
o 


Feet 

1,000 

b4.5 

b2.5 

2,500 

b5 

b2 

«»4.5 

bO.7 

bO.8 

bO.5 

'•>G.5 

1,600 


5,660 

9,662 

b4 
'•2.60 
4,500 
2,690 
bl.61 
1,800 

2,740 
3.160 
2,700 

1,700 


Gross  horsehower 
available. 


r^ 


1,600 
5,970 
1,942 
1,020 
8,&54 
2.854 


1,878 


220 

875 

330 

1,560 
325 
240 
112 
206 
105 

90 

100 

50 

36 


1,900 
7,600 
2,476 
1,300 
11,375 
3,626 


2,170 
8,680 
2,796 
1,470 
12,922 
4,118 


1,750 


280 

485 

430 

2,080 
425 
320 
145 
335 
134 

116 

126 

65 

46 


1,968 


Remarks. 


826 

550 

490 

2,820 
490 
860 
166 
885 
155 

136 

145 

75 

53 


Undeveloped. 

Do. 
Do. 
Do. 

I  Rock  bottom. 

Do. 


Rock  and  gravel 
bottom. 
Do. 

Rock  bottom. 
Do. 
Do. 
Do. 
Do. 
Do. 

Gravel  bottom. 
Rock  bottom. 
Rock  and  gravel 

bottom. 
Gravel  bottom. 


•From  Bull.  No.  8,  N.  C,  Geol  Survey. 


k  Miles. 


164       SOCTHER^  AFPALACHIAJf  MOUXTAIS  KEOION,  PT.  II.         l^^o.tt 

It  will  Ife  Heen  that  the  fall  Ls  not  in  the  form  of  direct  vertical 
(Iroim,  but  in  HhoaLs  of  oonBiderable  length.  One  of  the  greatest 
drawbacks  to  the  development  of  power  in  a  large  part  of  the  Yadkin 
\h  the  lack  of  proper  means  of  transportation. 

TRIBUTARIES  OP  YADKIN  RIVER. 


DISCHARGE  MEASUREMENTS. 

The  following  measurements  were  made  of  the  important  tributaries 
of  the  Yadkin  to  and  including  Ararat  River,  in  order  downstream : 
Diacharge  measurements  of  upper  tributaries  of  Yadkin  River, 


Dat«. 


1900. 
June  3ri 


July  la 
Atiff.  « 
K«pt.art 
Jane:21 
July  i;) 
Aiiff.  ft 
Kept.  28 
June  2^1 

July  13 
Aug.  6 
Hopt.26 
JuDe23 
July  12 
Aug.  4 
Oct.  1 
June2i) 


July  3 
Aug.  4 
Hept.27 
Nov.  a 
June  iiT) 

July    9 
Aug.   4  i 
Hopt.27  ! 
Nov.   2 
Bept.27 

Juno  25 

July  « 
Aug.  4 
8opt.  27 
Juno  iAS 
Julv  10 

Auk.  :t 
8opt.  28 
Nov.  1 
June  2U 

July  10 
Aug.  8 
Sopt.  28 
Nov.  1 
Juno  27 
July  11 
Aug.  2 
Sept.  20 
Oct.  ai 


Stream. 


LocaUty. 


Via- 


Hydrog«pher.    ^^t.  ctaS- 


Elk  Creek. 


do 

do 

-do 

Ktony  Creek 

do 

do 

...do 

LoulH  Fork  of  Yad- 
kin River. 

do 

do 

..    do 

Rcddie  River 

do 

do 

do 

Mulberry  River — 


One-f onrth  mile  above  ford 


.do 
do 
do 


Cleveland  Abbe, 
jr..  and  N.  C. 
Curtis. 


Feet. 
2.4 


do 

do 

do 

...do 

Roaring  River. 


do 

do 

do 

.  do 

Big  Bugaboo  Creek . 

IMgElkin  River... 


do 

.  ...do 

—  do 

MitchoU  River 

do 

do 

do 

do 

FiHbor  River... 


..  ..do 

...  do 

do 

do 

Ararat  River 

do 

do 

...  do 

do 


Footbridge  at  Colberts 

do 

do 

do 

Footbridge  on  Mount  Pleas- 
ant road. 

do 

do 

do 

North  Wilkesboro 

do 

do 

do 

Trestle  of  Greensboro  and 

Wilkesboro  division  of 

Son  them  R.  R. 

do 

do 

do 

do 

Greensboro  and  Wilkesboro 

R.  R.  bridge. 

do 

do •- — 

do 

do 

Ford  of  road  from  Roaring 

River  to  Elkin. 
Greensboro  and  Wilkesboro 

R.  R.  bridge. 

do 

do 

do 

do 

do 

do 

do 

do 

Greensboro  and  Wilkesboro 

R.  R.  trestle. 


.do 
do 
do 
do 
do 
do 
do 
do 
do 


do 

S.43 

do 

2.eo 

do 

2.61 

do 

2.65 

do 

do 

do 

do 

do 

do 

2.70 

"■*2."87' 
3,10 

3.23 
3.30 

do 

3.33 

do 

24.73 

do 

25.1.5 

do 

do 

25.25 

do 

21.93 

do 

22.25 

do 

2S.50 

do 

22.42 

do 

do 

23.68 

do 

25.45 

do 

25.75 

do 

25.13 

do 

24.27 

do 

1.28 

do 

24.53 

do 

25.95 

do 

do '.-... 

26.  S 

do 

21.63 

do 

do 

24.00 
24.25 

do 

24.25 

do 

23.89 

do 

20.  IB 

do 

do 

23.38 
23.60 

do 

23.72 

do 

28.70 

do 

23.9 

do 

26.0 

do 

do 

26.25 
28.46 

do 

25.66 

SeC'ft 
119.0 


61.0 
37.0 
30.0 
78.4 
80.5 
50.0 
31.10 
127.0 

99.0 
69.0 
63.0 
218.1 
98.1 
98.0 

eu.2 

108.4 


50.3 
30.25 
61.2 
55.0 
590.2 

161.4 
117.0 
lUR.O 
in?  0 
30.0 

65.0 

SO.O 
24.0 
27.0 
303.1 
139.2 
119.0 
161 KO 
216.0 
&49.0 

172.0 

136.0 

119.0 

235  0 

801.0 

317.1 

265.44 

243.0 

307.0 


NoTK.  In  making  the  meaHurementB  recorded  in  the  above  table  bench  marks  were  estab* 
liHbod  and  moasuromont.s  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  watt»r.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surfacH)  and  a  corresjionding  decrease  in  the  discharge  of  the  stream,  the  reTene 
of  the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an 

<nrca80  in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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The  drainage  basins  and  water  powers  of  the  principal  tributary 
streams  are  briefly  described  on  the  following  pages.  Practically  all 
of  the  tributa^ries  whose  water  powers  are  worth  considering  flow  into 
the  Yadkin  from  the  north.  The  divides  and  spurs,  between  which 
are  the  basins  of  the  tributary  streams,  are  seldom  more  than  a  mile 
wide  and  form  many  picturesque  coves  and  valleys. 

This  stream  was  measured  at  a  foot  log  about  one-fourth  of  a  mile 
above  the  road  ford  at  Elkville.  At  the  point  of  measurement  and 
for  a  short  distance  above  and  below  are  cascades  over  broad  ledges 
of  gneiss,  and  the  stream  is  bounded  by  steep,  rocky  slopes.  The 
natural  fall  is  estimated  to  be  at  least  10  feet  within  200  yards. 
Higher  up  the  stream  there  are  undoubtedly  other  fair  powers,  but 
they  were  not  examined. 

STONY  CBEBE. 

This  stream  enters  the  Yadkin  from  the  north  about  6  miles  below 
Elkville,  and  possesses  a  splendid  power  at  its  mouth  and  for  a  short 
distance  upstream.  Throughout  the  last  half  mile  of  its  course  the 
banks  are  the  steep,  rocky  sides  of  a  narrow,  V-shaped  gorge.  Within 
this  distance  the  stream  has  an  estimated  fall  of  at  least  50  feet,  flowing 
over  a  series  of  ledges  in  falls  or  cascades  of  from  6  to  10  feet  each. 
Just  at  the  mouth  of  the  creek  there  stands  a  combined  sawmill  and 
gristmill  driven  by  turbine  power.  The  dam  is  only  6  feet  high,  but 
is  so  favorably  placed  on  ledges  that  about  18  feet  head  is  obtained. 
This  is  an  excellent  mill  site,  but  the  road  leading  down  to  it  from 
the  surrounding  country  is  poor  and  is  on  a  steep  grade.  The  stream 
was  measured  at  a  foot  log  about  3  miles  above  its  mouth,  where  it 
flows  through  a  sandy  meadow  or  bottom  one-fourth  of  a  mile  wide. 
So  far  as  examined  this  stream  offers  a  number  of  good  mill  sites, 
for  its  valley  is  everywhere  bounded  by  steep  mountain  sides,  and  in 
many  places  is  narrow,  by  reason  of  the  occurrence  of  bands  of 
resistant  gneiss  and  schist. 

LOUIS  FORK. 

This  stream  has  a  large  drainage  basin,  served  by  its  two  branches. 
East  Fork  and  West  (or  South)  Fork.  The  valleys  of  these  branches 
are  generally  open  and  are  largely  cleared,  the  bottom  lands,  of  which 
there  is  a  large  area,  being  under  cultivation.  The  discharge  was 
measured  (see  table  on  page  164)  at  a  foot  log  where  the  Mount  Pleas- 
ant road  crosses  the  stream,  just  below  the  confluence  of  the  East 
and  West  forks.  The  bottom  at  this  place  is  rather  sandy  and  grav- 
elly, with  some  large  bowlders.  About  one-fourth  of  a  mile  down- 
stream, however,  the  creek  leaves  the  meadows  and  ent-ers  a  narrow, 
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steep-sided  gorge  containing  many  rocky  ledges.  There  are  one  or 
two  small  gristmills  on  the  forks  above  the  point  of  measurement, 
which  is  nearly  3  miles  from  the  mouth,  but  so  far  as  known  there 
are  none  below  it. 

UNNAMED  TRIBUTARY  EAST  OF  LOXHS  FORK. 

There  is  a  small  stream  which  heads  in  the  mountains  northeast  of 
Purlear  and  enters  the  Yadkin  from  the  north  about  a  mile  west  of 
Brown's  ford,  on  which  there  is  considerable  fall,  over  rock  ledges,  at 
the  mouth.  This  fall  is  utilized  by  a  gristmill  and  yields  a  head  of  10 
f e^t,  although  the  dam  is  only  5  feet  high.  The  stream  is  so  small 
that  it  was  not  possible  to  measure  its  discharge  satisfactorily  with 
the  large  meter.  Judging  from  the  wooded  character  of  its  valley, 
however,  it  has  a  fairly  uniform  flow  throughout  the  year,  and  its 
steep  grade  gives  much  more  power  than  is  now  used. 

REDDIE  RIVER. 

This  river  heads  far  up  among  spurs  of  the  Blue  Ridge,  between 
Horse  Gap  on  the  west  and  Mulberry  Gap  on  the  east.  Its  head- 
waters are  moderately  well  wooded,  but  along  its  middle  course  there 
is  more  open  and  cleared  valley  land.  There  ai'e  several  mills  on  the 
stream,  the  moi*e  important  ones  being  a  gristmill  at  Whittington  and 
two  mills  at  its  mouth,  just  above  North  Wilkesboro.  The  latter  mill 
site  is  an  admirable  one,  the  shoal  being  10  or  15  rods  wide,  rock- 
floored,  and  excellent  rock  abutments  being  furnished  by  the  ledges 
on  either  bank.  The  natural  fall  in  the  channel  is  about  10  feet,  half 
of  which  is  utilized,  by  means  of  a  9-foot  dam,  by  a  gristmill  and 
flour  mill  on  the  west  bank.  One  hundred  yards  below  the  dam  a  sash 
factory  uses  a. fall  of  about  14  feet,  obtained  by  sluicing  the  water 
from  the  dam  to  the  east  bank  of  the  stream. 

The  river  is  reported  to  be  not  subject  to  rapid  fluctuation,  thus 
distinguishing  it  from  most  of  the  other  streams  of  the  neighborhood. 

MULBERRY  RIVER. 

This  river  also  rises  far  back  in  the  Blue  Ridge,  starting  near  Mul- 
berry Gap  and  flowing  southeastward.  Its  valley,  which  is  rather 
broad,  is  covered  w^ith  alluvium  and  offers  relatively  few  mill  sites. 
The  average  grade  of  the  channel  seems  to  be  much  less  than  that  of 
most  of  the  streams  of  the  district.  In  the  upper  stretches  falls  and 
rapids  are  more  numerous  than  in  the  lower  portions  of  its  course. 
About  halfway  between  Mulberry  and  Halls  Mills  there  is  a  shoal 
which  affords  fall  for  Wood's  gristmill  and  sawmill,  giving  the  wheel 
8  feet  head.  So  far  as  known  this  is  the  only  mill  on  the  stream.  At 
the  crossing  of  the  road  between  North  Wilkesboro  and  the  town  of 
Roaring  River  there  is  an  excellent  little  fall  of  about  6  feet,  due  to 
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a  broad  ledge  of  rock  which  crosses  the  stream  and  furnishes  a  good 
abutment  on  the  west  bank.  At  the  Southern  Railway  trestle  there 
is  also  a  series  of  cascades  furnishing  6  feet  fall,  with  good  abutments 
on  the  east  bank.  The  river  was  measured  at  the  trestle,  which  is 
about  halfway  between  the  Yadkin  and  the  steep  hillside  forming  the 
northern  boundary  of  that  river's  flood  plain. 

ROARING  RIVER. 

This  stream  is  much  larger  than  Mulberry  River  and  possesses 
many  good  water  powers.  Those  at  present  best  known  are  the  one 
about  4  miles  below  Dockery,  which  is  near  the  junction  of  the  east- 
ern and  western  forks,  and  the  one  at  the  mouth  of  the  stream. 

Just  above  the  confluence  of  the  two  chief  forks  a  small  stream 
enters  the  western  fork  from  the  southwest.  Where  the  road  from 
Round  Mountain  to  Dockery  crosses  it  the  average  fall  is  100  feet  per 
mile.  Here  Spencer  Blackburn  has  built  a  small  mill  which  uses  a 
fall  of  20  feet.  Passing  on  to  the  two  forks  and  to  the  main  stream 
below  the  ford  of  the  eastern  road  from  Round  Mountain  to  Dockery, 
the  river  is  very  rapid  and  is  confined  between  high  and  steep  banks. 
Its  fall  averages  20  feet  to  the  mile,  and  the  shoals,  including  the 
Big  Shoals,  cover  a  distance  of  about  1  mile.  All  of  this  fall  can  be 
made  to  furnish  excellent  power,  both  on  the  main  stream  and  on  the 
northern  fork,  which  joins  the  river  at  this  point,  after  draining  a 
region  to  the  northeast  lying  between  Hank  Store  and  Lomax. 

Though  narrow  and  steep  sided  in  the  vicinity  of  the  Big  Shoals, 
the  valley  widens  a  short  distance  below,  and  the  stream  possesses 
no  valuable  powers  until  about  one-fourth  mile  above  the  railway 
trestle  at  its  mouth,  where  a  series  of  cascades  over  firm  rock  ledges 
causes  the  channel  to  drop  15  feet  within  half  as  many  rods.  At  the 
trestle  the  valley  opens  out  into  the  sandy  flood  plain  of  the  Yadkin. 

BIG  ELKIN  RIVER. 

This  stream  has  three  noteworthy  falls,  which  give  it  an  impor- 
tant place  among  the  water  powers  of  the  upper  Yadkin  Valley.  The 
most  important  falls,  or  series  of  falls,  so  far  as  water  power  is  con- 
cerned, are  Carters  Falls,  about  3  miles  above  the  mouth  of  the 
stream,  at  a  place  known  as  Cool  Spring  Church.  When  visited 
(luring  the  summer  of  1900  these  falls  had  a  comparatively  small 
volume  of  water.  They  are  occasioned  by  a  broad  band  of  resistant 
hornblende-gneiss.  The  upper  fall,  which  is  the  greater,  was  meas- 
ured by  a  hand  level  and  found  to  be  60  feet  in  a  distance  of  100 
yards.  From  the  foot  of  this  fall  the  stream  runs  over  low  ledges 
for  an  eighth  of  a  mile  to  a  lower  fall  which  is  about  15  feet  high. 
The  latter  fall  is  utilized  by  a  small  turbine-driven  gristmill  on  one 
bank  and  by  a  small  lumber  mill  on  the  other  bank.     The  owner  of 
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the  land  states  that  he  has  measured  the  total  fall  here,  from  the 
head  of  the  upper  to  the  foot  of  the  lower  falls,  by  means  of  accurate 
instruments,  and  finds  it  to  be  92  feet,  which  seems  quite  possible. 
The  banks  of  the  gorge  are  steep  atid  of  firm  rock,  affoi*ding  the  finest 
water-power  site  between  Ararat  River  and  the  source  of  the  Yadkin. 

About  a  half  mile  below  the  lower  falls  mentioned  there  is  a  fall  of 
about  25  feet,  part  of  which  has  been  utilized  by  Butler's  gristmill, 
which  has  a  dam  6  feet  high  yielding  14  feet  head.  By  extending 
the  race  a  few  yards  farther  downstream  a  head  of  20  feet  could  be 
obtained.  During  high  water  there  is  a  maximum  rise  of  3  feet  above 
the  top  of  the  dam. 

The  other  powers  are  near  the  mouth  of  the  river,  in  the  towns  of 
Elkin  and  Elkin  Valley.  At  the  former  place,  where  there  is  a  favor- 
able rock  bottom  and  decided  falls,  are  two  dams;  at  the  latter  place, 
which  is  higher  upstream,  there  is  a  gristmill  and  fiour  mill  with  a 
10-foot  dam  and  a  fall  of  18  feet. 

MITCHELL  RTVKK. 

This  stream  was  measured  just  below  a  series  of  low  rapids  over 
rocky  ledges,  marking  the  point  of  transition  from  the  rocky  channel 
of  back  country  to  the  sandy  flood  plain  of  the  Yadkin.  The  fall, 
about  10  feet,  has  not  been  utilized  though  it  is  favorably  situated. 
About  1  mile  upstream  Burch's  flour  mill  obtains  power  from  a  tribu- 
tary— Snow  Creek.  At  Guyer  Ford,  6  miles  above  the  mouth,  there 
is  a  broad  shoal  which  would  give  5  to  7  feet  fall  within  a  quarter  of 
a  mile. 

The  valley  of  Mitchell  River  is  similar  to  that  of  Fisher  River, 
being  rather  narrow,  with  steep  side  slopes,  but  it  has  been  some- 
what more  cleared  than  the  latter  valley.  Perhaps  half  the  area  of 
the  immediate  slopes  is  now  bare  of  trees,  while  in  the  valley  of 
Fisher  River  two-thirds  of  the  timber  seems  to  be  standing. 

FISHER  RIVER. 

This  stream  was  ascended  only  a  short  distance.  No  improved 
mill  sites  were  found,  though  a  number  of  small  mills  are  reported 
along  its  upper  course.  Many  mills,  however,  are  located  on  small 
tributaries  of  the  river.  The  stream  is  a  large  one,  being  30  to  40 
miles  long,  rising  far  back  upon  the  Blue  Ridge,  in  about  the 
same  latitude  as  Mount  Airy.  Probably  the  only  good  mill  site  is 
at  the  neck  of  what  is  known  locally  as  The  Oxbow  or  The  Horseshoe, 
a  semicircular  bend  in  the  river  about  5  miles  southeast  of  Dobsou. 
The  two  arms  of  this  loop  come  within  100  yards  of  each  other  at  the 
narrow  neck,  and  there  is  said  to  be  a  difference  of  20  feet  in  the  sur- 
face level  of  the  river  on  the  two  sides.  It  has  been  suggested  that 
this  difference  in  level  be  utilized  by  piercing  the  neck  with  a  tun- 
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neled  race,  but  nothing  in  that  direction  has  yet  been  done.  At  the 
ford  of  the  road  between  Snow's  mill  and  But^jher  there  are  shoals 
due  to  a  fall  of  perhaps  5  feet  in  one-fourth  of  a  mile,  and  at  the  ford 
southwest  of  Butcher  there  is  a  long  shoal  giving  4  or  5  feet  fall  in  200 
yards.  The  valley  appears  too  wide  for  dam  construction,  but  just 
below  the  second  shoal  mentioned  it  narrows  and  closes  in  f oi*  a  short 
distance. 

ARARAT  RIVER. 

Ararat  River  is  the  largest  of  the  upper  tributaries  of  the  Yadkin. 
It  rises  on  the  Blue  Ridge,  about  10  miles  north  of  Mount  Airy,  at  an 
elevation  of  2,500  feet,  and  flows  almost  due  south  for  30  miles,  empty- 
ing into  the  Yadkin  1  mile  below  Siloam.  The  average  fall  per  mile 
from  the  mouth  to  Mount  Airy,  a  distance  of  20  miles,  is  14.6  feet. 
Above  Mount  Airy,  where  the  fall  is  much  greater,  there  are  a  number 
of  small  gristmills. 

NEW  RIVER. 

New  River  rises  in  Watauga  County,  N.  C,  and  flows  in  a  general 
northeasterly  direction  through  Watauga  and  Ashe  counties.  It  then 
follows  the  North  Carolina- Virginia  State  line  for  about  12  miles, 
when  it  turns  to  the  north  and  joins  Kanawha  River,  its  waters  finally 
rea<3hing  the  Ohio.  Just  before  it  intersects  the  North  Carolina- 
Virginia  boundary  line  there  is  a  confluence  of  two  branches  of  almost 
equal  size,  known  as  the  South  Fork  and  the  North  Fork.  The  North 
Fork  drains  the  eastern  slopes  of  the  Iron  Mountains  along  the  south- 
western border  of  Ashe  County,  N.  C.  Both  forks  are  formed  by  the 
junction  of  several  branches  which  drain  the  mountain  slopes.  The 
total  drainage  area  of  the  two  forks  is  631  square  miles.    * 

Examination  of  the  drainage  basin  of  the  river  was  made  as  far 
down  as  Oldtown,  in  Grayson  County,  Va.,  about  7  miles  below  the 
confluen(?e  of  the  North  and  South  forks.  The  upper  part  of  the  basin 
is  rough  and  mountainous,  the  stream  flowing  through  gorges  and 
narrow  valleys  with  rocky  slopes  and  bottoms.  The  occasional  widen- 
ing of  the  valleys,  however,  furnishes  favorable  sites  for  dams  and 
mills.  The  soil  is  for  the  most  part  deep  and  fertile,  making  a  fine 
agricultural  region.  According  to  the  census  of  1880,  92,000  acres 
were  under  cultivation,  57,000  acres  were  in  grass,  and  240,000  acres, 
or  61  per  cent  of  the  whole,  were  in  original  timber.  The  annual 
rainfall  in  the  basin,  as  indicated  by  a  single  station,  viz,  Blowing 
Rock,  is  about  49  inches,  distributed  as  follows:  Spring,  11.3  inches; 
summer,  16.2  inches;  autumn,  9.7  inches;  and  winter,  11.8  inches. 
The  region  is  rich  in  mineral  resources,  especially  in  iron  and  copper, 
though  very  little  has  been  done  in  the  way  of  development. 

The  total  length  of  the  river  between  the  junction  of  the  forks  and 
Oldtown,  Va.,  is  about  35  miles,  and  the  average  fall  per  mile  about 
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8.5  feet.  The  river  winds  its  way  in  narrow  gorges  formed  by  the 
shutting  in  of  the  hills  on  either  bank.  Bottom  land  is  therefore 
scarce.  The  section  of  Virginia  through  which  this  portion  of  the 
river  flows  is  chiefly  devoted  to  stock  raising.  The  land  is  fertile  and 
the  soil  deep  and  of  a  reddish  color.  The  region  is  well  settled,  the 
people  thrifty,  and  large  and  well-cultivated  farms  can  be  seen  every- 
where.    Wheat  and  other  grains  are  the  chief  crops. 

During  the  investigation  a  gaging  station  was  established  (July  31, 
1900)  near  Oldtown,  Va.,  and  two  measurements  were  made  there  (see 
table  below).  Measurements  were  also  made  of  tributaries  of  the 
river  between  the  confluence  of  the  North  and  South  forks  and  Old- 
town,  as  shown  in  the  following  table.  The  basins  of  the  North  and 
South  forks  are  described  under  separate  headings,  and  the  measure- 
ment's made  on  those  streams  and  their  tributaries  are  given  in  the 
tables  on  pages  172  and  174. 

Discharge  measuremenU  of  New  River  near  Oldtown,  Va,,  and  of  its  tributaries 
between  conflv£nce  of  North  and  South  forks  and  Oldtown, 


Date. 


1900. 
July  28 


Oct.  28 
July  29 
Oct.  28 

1901. 
June  28 

1900. 
July  31 
Oct.  29 
July  31 

Oct.  29 
July  30 
July  81 
Oct.  29 


stream. 


Wilson  Creek. 


do , 

Fox  Creek 
,...do 


...do 


Peach  Bottom  Creek 
do 

Little  River 


do 

Elk  Creek. . 
New  River 
do 


Locality. 


2  miles  above  mouth 


.do 


One-fourth  mile  above  mouth . 
do 


.do 


200  yards  above  mouth 

Ford   of    Independenoe-Old- 
town  road. 

do 

200  yards  above  mouth 

Near  Oldtown 

do 


Hydrographer. 


Qage  I    Dia- 
height.  charge 


Cleveland  Abbe, 
Jr.,  and  N.  C. 
Curtis. 

do 

do 

.....do 


.do 


.do 
.do 
.do. 

.do 
.do 
.do 
-do 


Feet.     Sec.-ft, 
6.3  ,      3S.1 


C  » 


4.9 


9.1 


78.0 
144.0 


3SS.0 


SI.  4 

.l&O 

199.0 


318.  S 
4.0  57.1 

6.6     1,541.0 
6.3     2,2f&0 


Note.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  ben<^ 
mark  to  the  surface  of  the  water.  An  increase  in  the  (rage  height,  therefore,  means  a  lowering 
of  the  water  surface  and  a  corresponding  decrea.se  in  the  discharge  of  the  stream,  the  reverse  of 
the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  increaw 
in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 


The  water  powers  of  all  of  the  streams  mentioned  in  the  forogoiiiij 
table  are  excellent,  and  many  of  them  have  already  been  develoiK»<l. 
At  the  mouth  of  Wilson  Creek  there  are  two  mills — the  lower  one  a 
grain  mill  with  a  fall  of  12  feet,  and  the  upper  one  a  woolen  faetory, 
owned  by  Fields  &  Hash.  On  Peach  Bottom  Creek,  2  miles  east  of 
Independence,  is  the  gristmill  of  D.  C.  Mallory.  The  total  fall  here 
is  about  65  feet. 
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SOUTH  FORK  OF  NEW  RIVER. 
GKNtr.AL  FEATURES. 

This  stream  is  formed  by  the  confiiienee  of  the  East  Fork,  the  Mid- 
dle Fork,  and  Flannery  Fork,  near  Deckhill,  Watauga  County,  N.  C. 
The  Middle  Fork,  which  is  the  largest  of  the  three  tributaries  men- 
tioned, rises  just  north  of  Blowing  Rock,  at  the  boundary  line  between 
Watauga  and  Caldwell  countias,  at  an  elevation  of  between  3,700  and 
3,800  feet.  The  elevation  at  the  junction  of  the  North  and  South 
forks  being  2,500  feet,  the  difference  in  elevation  between  the  head 
and  the  mouth  of  the  South  Fork  is  1,300  feet,  the  distance  45  miles. 
This  gives  an  average  fall  of  29  feet  to  the  mile.  As  the  course  of  the 
stream,  however,  is  extremely  crooked  the  slope  is  hardly  20  feet  to 
the  mile.  Shoals  and  available  water  powers  are  not  numerous  on 
the  main  stream,  but  on  the  branch  streams  they  are  more  frequent 
and  have  been  more  extensively  utilized. 

The  area  drained  by  the  South  Fork  presents  a  very  great  diversity 
of  scenic  features.  The  general  course  of  the  stream  is  parallel- to 
the  Blue  Ridge.  On  the  north  are  very  high  knobs  and  ridges.  The 
highest  of  these  is  Snake  Mountain,  5,594  feet  high.  The  scenery 
presented  though  not  rugged  is  extremely  beautiful.  The  basin  of 
the  river  is  for  the  most  part  closed,  and  there  are  no  extensive 
bottom  lands. 

The  proportion  of  unimproved  cleared  land  in  Watauga  and  Ashe 
counties  is  small  compared  with  the  agricultural  lands.  On  many 
of  the  mountains  the  timber  is  practically  untouched.  The  trees, 
however,  are  not  of  the  most  valuable  varieties.  They  are  chiefly 
maples  and  chestnuts.  The  larger  portions  of  the  cleared  land  are 
devoted  to  the  production  of  grass  and  hay,  and  consequently  the 
raising  of  cattle  and  sheep  is  a  most  important  industry.  The  chief 
crops  are  corn,  wheat,  buckwheat,  and  cabbages,  to  all  of  which  the 
soil  is  especially  well  adapted.  Large  quantities  of  apples  are  also 
produced.  The  people  are  well  to  do  and  prosperous.  The  region  is 
very  healthful;  typhoid  and  malarial  fevers  are  unknown. 

No  railroad  has  yet  penetrated  Watauga  County,  though  a  route 
has  recently  been  survej^ed  and  a  tax  voted.  The  route  surveyed 
crosses  the  Blue  Ridge  at  Cook  Gap.  The  country  roads  are  for  the 
most  part  good  and  are  being  improved  and  kept  open  for  travel. 
The  turnpike  between  Boone  and  Blowing  Rock  is  remarkably  well 
graded,  and  it  is  possible  for  loaded  wagons  to  cross  the  Blue  Ridge 
to  Lenoir  throughout  the  year.  Lenoir  is  at  present  the  shipping 
point  for  the  produce  of  the  county.  The  people  of  Ashe  County  are 
not  so  progressive  in  the  matter  of  road  building  as  are  the  people  of 
Watauga  County. 
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Both  the  North  Fork  and  the  South  Fork  are  at  times  swollen  by 
heavy  freshets,  which  are  often  very  destructive  to  crops  on  the 
bottom  lands.  Occasionally  the  soil  is  entirely  removed  from  the 
bottoms  and  the  bed  rock  exposed.  More  often,  however,  where  the 
current  is  not  very  swift,  a  rich  coating  of  black  mud  from  one-half 
inch  to  4  inches  thick  is  deposited,  enriching  the  lowlands  consider- 
ably. 

DISCHARGE  MEASUREMENTS  IN  BASIN. 

During  the  investigation  a  gaging  station  was  established  on  the 
South  Fork  at  New  River,  N.  C.  The  measurements  made  thei-e,  as 
well  as  those  made  at  Riverside,  also  the  me^isurements  made  on  the 
tributaries,  are  given  in  the  following  table,  in  order  downstream : 

Discharge  measurements  of  South  Fork  of  New  River  and  its  tributaries. 


Date. 


1900. 
July  28 

Oct.  28 

1901. 
Jane  27 

1900. 
July  18 
Oct.  25 

1901. 
June  24 
Do... 


Do.- 

1900. 
July  28 

Oct.  24 
July  2!) 
Oct.  34 
July  33 
Oct.  24 
July  18 

Oct.  26 

1901. 
June  24 

1900. 
July  24 
July  18 
July  24 
July  19 
July  27 

Do... 


Stream. 


South  Fork  of  New 
River 

....do 


Locality. 


New  River 
.....do 


do 


.do 
.do 


do 
.do 


.do 


Riverside 
do.... 


.do 


Ford  near  mouth  of  Middle 
Fork  of  New  River,  near 
Boone. 
West  Fork Near  Boone 


Flannery  Fork 


.....do 

Middle  Fork 

...do 

East  Fork 

...do 

Meat  Camp  Creek . . . 


do 


do 


Elk  Creek 

Old  Field  Creek . 

Gap  Creek 

Beaver  Creek 

Mulberry  Creek. 
Prather  Creek... 


Ford  of  Boone-Blowing  Rock 

road. 

do 

Ford  of  Boone- Aho  road 

do 

do 

do 

One-fourth  mile  below  Mor- 

etz. 
.....do 


.do 


Elk  Crossroads 


Hydrographer. 


Cleveland  Abbe, 

ir.,  and  N.  C. 
)artis. 
.....do 


.do 


do 
.do 


.do 
.do 


do 


do 


.do 
do 
do 
do 
do 
.do 

.do 


.do 


....do 
....do 

One-eighth  mile  above  mouth do 

Atmonth 1 do 

Near  mOuth do 

One  and  one-half  miles  below   do 

Scottville. 


Gage  I    Dis- 
leignt.. charge. 


he 


Feet    Sec.-ft. 
2.70        751.0 


2.60 


1,635.0 


3.90     1.976.0 


11.86 
11.00 


7.10 


5.40 


6.35 

5.35 
5.70 


I 


5.70 
5.10 
9.a) 

8.65 


7.90 


165.0 
741.1 


968.0 
150.0 


10B.0 


10.4 

107.0 
34.4 

234.0 
10.4 

lOP.O 
35.8 

89.0 


164.0 


8.00 

10.0 

6.1 

19.4 

4.86 

23.4 

6.00 

23. 4 

5.1 

109.0 

8.6 

25.0 

KoTE.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse  of 
the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an 
increase  in  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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WATER  POWERS  IN  BASIN. 

There  are  a  number  of  undeveloped  water  powers  on  the  South 
Fork  and  its  tributaries,  the  chief  of  which  are  the  following: 

On  the  Middle  Fork,  about  5  miles  from  Blowing  Rock,  there  is  a 
fall  of  possibly  15  feet  in  100  feet,  with  a  good  dam  site,  though  the 
space  for  building  puiposes  is  somewhat  cramped.  On  Meat  Camp 
Ci-eek,  at  Moretz,  there  is  a  mill  with  a  dam  about  8  feet  high.  On  Elk 
Creek,  at  Elk  Crossroads,  there  is  a  small  sawmill.  The  discharge  of 
this  stream  is  slight,  but  a  fall  of  about  20  feet  has  been  obtained. 
On  Beaver  Creek,  at  the  town  of  Beavercreek,  is  Hamilton's  corn  and 
flour  mill,  with  a  working  head  of  about  10  feet. 

Near  the  mouth  of  the  South  Fork  are  the  remains  of  an  old  dam. 
The  site  is  a  good  one,  a  rock  ledge  running  entirely  across  the  stream 
and  high  hills  shutting  in  close  on  both  banks.  A  dam  40  feet  in 
height  could  easily  he  constructed  here.  Near  Scottville  the  river 
makes  an  almost  closed  loop,  and  it  has  been  proposed  to  tunnel 
through  the  neck  of  the  loop  and  in  that  way  develop  a  fall.  It  is 
said  that  the  difference  in  the  elevation  of  the  surface  of  the  water 
on  the  upper  and  lower  sides  of  the  loop  is  about  30  feet. 

Owing  to  the  steep  slopes  of  the  adjacent  mountains  the  river  and 
its  tributaries  are  subject  to  floods,  and  dams  and  buildings  for  the 
development  of  the  water  powers  would  have  to  be  built  strong  and 
substantial. 

NORTH  FORK  OP  NEW  RIVER. 
GENERAL  FEATURES. 

The  North  Fork  is  formed  by  the  junction  of  Hoskin  Fork  and 
Brusli  Fork  in  the  extreme  southwestern  part  of  Ashe  County. 

The  character  of  the  region  through  which  it  flows  is  more  mountain- 
ous than  the  basin  of  the  South  Fork;  the  same  general  agricultural 
and  forest  conditions  prevail  here  as  in  the  latter  basin.  The  stream 
is  not  so  tortuous  as  the  South  Fork,  but  its  side  streams  are  more 
numerous  and  the  fall  greater.  Its  total  length  is  about  30  miles. 
The  difference  in  elevation  between  its  head  and  the  junction  with  the 
South  Fork  at  Weaversford  is  1,800  feet,  making  the  average  fall  per 
mile  60  feet. 

Its  main  upper  branch,  Hoskin  Fork,  rises  on  the  eastern  slope  of 
Snake  Mountain,  at  an  elevation  of  4,300  feet.  It  flows  between 
closed  hills,  and  its  flood  plain  is  very  narrow. 

The  ratio  of  cleared  to  forest-covered  land  in  the  watershed  is 
estimated  to  be  about  1  to  5.  The  region  about  the  headwaters 
is  very  thinly  settled.  The  scenery  is  magnificent,  especially  near 
Creston  and  Solitude.  The  cleared  land  is  chiefly  devoted  to  cattle 
grazing. 
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DISCHARGE  MEASUREMENTS  IN  BASIN. 

On  July  27,  1900,  a  gaging  station  was  established  on  the  North 
Fork  at  Weaversford,  N.  C.  The  measurements  made  there,  as  well 
as  those  made  at  other  points  along  the  river,  also^the  measurements 
made  on  its  tributaries,  are  given  in  the  following  table,  in  order 
downstream: 

Discharge  measuremenU  of  North  Fork  of  New  Mver  and  tributaries. 


Date. 


1900. 
Jal7  28 

Oct.  27 

1901. 
Jane  27 
JnneSO 

1900. 
July  21 
Oct  26 

1901. 
Jane  20 

1900. 
Jal7  20 

Do... 
Jaly  21 
Jaly  20 
Oct  86 
July  20 
Oct.  26 

1901. 
Jane  20 

1900. 
July  25 
Oct.  27 

1901. 
Jane  25 

1900. 
July  25 
Oct.  27 


Stream. 


Locality. 


Hydrographer. 


North  Fork  of  New     Weaversford 
River. 


.do 


do 
.do 


do 
.do 


.do 


.do 


Threetop  Creek  . . . 

.....do 

Big  Laurel  Creek.. 

do 

Bu£Palo  Creek 

do 


do 


Horse  Creek. 
do 


do 


Helton  Creek 
do 


do 


do 


Below  mouth  of  Laurel  Creek. 


1  mile  below  Creston. 
do 


.do 


i  mile  from  Creston,  on  road 
to  Solitude. 

Creston 

do 

100  yards  above  mouth 

do 

i  mile  above  mouth 

do 


Near  Jefferson 


i  mile  above  mouth 
do 


do 


Below  Peasley's  mill 
do 


Cleveland  Abbe, 
Jr.,  and  N.  C. 
Curtis. 

do 


do 
.do 


.do 
.do 


.do 


do 

.do 
.do 
.do 
do 
do 
.do 


.do 


.do 
.do 


.do 


do 
do 


OaffB 
leisnt. 


Dis- 


Fett.  '  SeC'/i, 


0.60 


0.90 


1.40 
LOO 


6.7 
6.0 


6.5 


2.66 

6.75 
7.26 
6.40 
6.30 
6.43 


4.80 


6.6 
6.06 


5.36 


4.28 


636.0 


70B.0 


1,377.0 
31&0 


«9.3 
194.0 


196.0 


8S.2 

180.0 
87.0 
».2 
80.4 
44.0 
67.0 


14a  0 


84.8 

140.0 


444.0 


80  0 
lO&O 


Note.— At  regrular  stations  of  the  Oeological  Survey  gages  are  installed  by  which  the  riae  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  diacharire 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  made  at  Weaversford.  In 
making  all  of  the  other  measurements,  however,  in  each  case  a  bench  mark  was  established  and 
measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to  the 
surface  of  the  water.  In  the  latter  cases,  therefore,  an  increase  in  the  gage  height  means  a  low- 
ering of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream. 

WATER  POWERS  IN  BASIN. 

There  are  a  number  of  water  powers  in  the  basin.  Those  of  Three- 
top  Creek  are  very  good.  Four  mills  were  observed,  with  falls  ranging 
from  6  to  15  feet.  Shoals  and  dam  sites  are  numerous.  At  the  falls 
of  Long  Hope  Creek,  a  branch  of  Threetop  Creek,  there  is  a  total  fall 
of  300  feet  in  400  yards.  The  average  discharge  of  Long  Hope  Creek 
is  about  10  second-feet.  On  the  North  Fork  about  3  miles  west  of 
the  mouth  of  Buffalo  Creek,  near  Dresden,  there  is  an  important 
water  power  which  at  one  time  was  utilized,  but  the  dam  was  destroyed 
by  a  freshet  and  has  not  been  rebuilt.    The  hillsides  at  this  point  shut 
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in  close,  and  a  rock  ledge  extends  across  the  stream.  A  fall  of  30  or 
40  feet  could  readily  be  obtained.  Horae  Creek  and  Helton  Creek  are 
both  large  streams  with  considerable  fall.  No  water  powei-s  were 
observed  on  the  former.  A  combined  sawmill  and  gristmill  is  located 
about  a  half  mile  above  the  mouth  of  Helton  Creek.  The  fall  obtained 
is  about  10  feet  and  the  power  is  developed  by  turbines.  This  is  also  the 
site  of  the  old  Helton  iron  works,  where  hammered  iron  was  formerly 
worked,  the  ore  being  obtained  in  the  vicinity.  On  the  North  Fork 
about  2  miles  from  its  mouth  is  Dixon's  corn  and  flour  mill.  A  dam 
about  8  feet  in  height  has  been  constructed  here.  The  flume  leading 
to  the  forebay  is  a  tunnel  cut  thsough  a  projecting  shelf  of  rock, 
behind  which  is  a  mill  ho'rse.  A  masonry  dam  40  feet  high  could  be 
constructed  and  the  power  greatly  increased. 

STREAMS    SOUTHWEST   OF  FRE^ICH   BROAD   RIVER. 

South  and  west  of  the  region  already  described  is  a  large,  mountain- 
ous area  with  many  of  the  same  characteristics.  From  this  territory 
flow  the  headwaters  of  four  of  the  largest  rivens  in  the  Southeastern 
States.  First  comes  the  Tennessee  River,  the  basins  of  several  of  the 
largest  branches  of  which,  namely,  the  Holston,  the  Watauga,  the 
Nolichucky,  and  the  French  broad,  have  been  described  in  detail  in 
this  paper.  Farther  south  are  the  Oconalufty,  the  Tuckftsegee,  the 
Nantahala,  the  Hiwassee,  the  Okoee,  and  other  rivera  which  enter  the 
Tennessee  and  after  a  long  and  winding  coui-se  add  their  watera  to 
the  Mississippi.  (Typical  views  of  these  streams  are  shown  in  Pis. 
XXXIX  to  XLIV.)  The  second  large  river  is  the  Savannah,  which 
receives  numerous  tributaries  and  flows  in  a  southeasterly  direction 
into  the  Atlantic.  The  third  stream  is  the  Apalachicola  River,  which 
with  its  chief  tributary,  the  Chattahoochee,  rises  close  to  the  head- 
waters of  the  Tennessee  and  after  a  southerly  course  between  Georgia 
and  Alabama  and  through  Florida  enters  the  Gulf  of  Mexico  at  Apa- 
lachicola. The  fourth  large  stream  is  the  Mobile,  which  receives  its 
headwaters  from  the  mountains  of  Tennessee  and  northern  Georgia, 
through  the  Coosa,  the  Conasauga,  and  the  Etowah,  and  flowing 
through  the  State  of  Alabama  enters  the  Gulf  at  Mobile. 

Ilydrographic  studies  and  numerous  measurements  of  discharge,  in 
charge  of  Prof.  B.  M.  Hall,  have  been  made  by  the  United  States 
Geological  Survej''  of  the  headwaters  of  all  of  these  streams  and  of 
their  chief  tributaries.  Most  of  the  streams  rise  on  the  steep  slopes 
of  the  mount«,in  sides,  at  elevations  of  from  2,000  to  4,000  feet  i\<<;/.Q 
sea  level,  and  have  large  falls  throughout  their  courses.  In  many 
places  the  streams  flow  through  mountain  gorges  with  steep,  vertical 
sides  and  with  very  small  flood  plains. 

Only  a  small  proportion  of  the  region  is  under  cultivation,  the 
greater  part  being  still  covered  with  the  original  forest  growth,  con- 
sisting of  oak,  hickory,  chestnut,  poplar,  locust,  pine,  buckeye,  linn, 
^h,  maple,  sassafras,  walnut,  and  other  varieties.     The  ground  is 
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frequently    covered    with   trailing];  arbutus,   maidenhair   and    other 
ferns,  deep-green  mosses,  and  a  great  variety  of  wild  flowers  and  rare 
medicinal  plants.     The  climate  is  mild  throughout  the  year,  making! 
it  a  line  resort  in  winter  as  well  as  in  summer.     Wild  animals,  such  as 
deer,  bears,  and  wolves,  once  so  numerous,  are  now  nearly  extinct, 
but  there  are  still  many  wild-cats,  catamounts,  minks,  foxes,  opos- 
sums, ground  hogs,  polecats,  weasels,  wild  turkeys,  pheasants,  squir- 
rels, rabbits,  quails,  etc.     The  land  now  under  cultivation  is  pracf i- 
cally  all  that  is  available  for  ordinary  farming,  the  remainder  beine 
steep,  rocky,  and  rugged,  with  only  occasional  patches  of  deep,  fertile 
soil.     Near  the  rivers  considerable  timber  has  been  cut,  but  the  lum- 
bering has  not  extended  far  up  the  mountain  sides.     Means  of  trans- 
portation are  exceedingly  meager,  the  Murphy  branch  of  the  Atlanta, 
Knoxville  and  Northern  Railway  being  about  the  on!}-  outlet.      For 
this  reason  the  few  farming  pixxlucts  that  are  raised  can  not  be 
transported  economically  to  the  populated  districts,  so  that  there  is 
little  incentive  to  agricultural  pursuits.     The  great-er  portion  of  the 
grain  raised  is  made  into  moonshine  whisky,  and  the  summer  apples» 
are  largely  used  for  apple-jack.     Wheat,  cabbages,  Irish  potatoes, 
and  the  hai'dier  fruits  grow  well. 

The  mineral  resources  are  practically  untouched  and  comparatively 
unknown,  but  they  are  evidently  important  and  varied.  Gold,  corun- 
dum, asbestos,  marble,  t«»lc,  kaolin,  ocher,  iron,  and  mica  are  known 
to  exist.  The  whole  region  is  sparsely  inhabited.  Water  powers  are 
very  numerous,  though  few  are  develope<i,  and  most  of  these  on  only 
a  small  scale,  for  gristmills  and  sawmills.  The  large  undeveloped 
powers  on  the  lower  parts  of  the  streams  are  well  distributed  and  are 
very  valuable  for  manufacturing  purposes.  After  the  rivers  leave 
the  mountain  region  and  flow  across  the  broad,  elevated  plains,  large 
falls  frequently  occur,  some  of  which  have  in  recent  years  been 
developed  and  have  proved  to  be  most  lucrative  investments. 

The  results  of  the  measurements  ui)on  the  streams  in  this  region 
ai-e  given  in  the  following  tables,  arranged  in  chronologic  order:* 

Dificharge  measurements  of  trtbutaTnes  of  Tennessee  River  north  of  Hiwassee  River, 


Dato. 


1901. 
Feb.  18 


Feb.  30 
Feb.  2i 


Stream. 


Couosauga  Creek 

Tellico  River 

Little  Tennessee 

River. 

Little  River 

West  Fork  of  Little 

Pigeott  River. 


Locality. 


Near  Cambria,  Tenn . 


1^  miles  above  month 

i  mile  below  month  oi^  Tellico 
River. 

1  mile  above  month 

At  bridge  jnst  above  month. . 


Hydrographer. 


B.  M.  Hall  and 

assistants. 
....do 


...do 

...do 
do 


Gag©  I 
height 


height,  cfaarire. 


Feet. 


3.10 


101 
316 

133 


» In  making  the  measurements  recorded  in  these  tables  bench  marks  were  established  and 
measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to  tbe 
surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering  of  the  water 
surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse  of  the  resolts 
at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  increase  in  ga^ 
height  represents  an  increase  in  the  discharge  of  the  stream. 
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Dincharge  measurements  of  tributaries  of  Tennessee  River  north  of  Hiwassee 

River — Continned. 


Date. 


1901. 
Feb.  31 


Feb.  23 

Do... 
Feb.  23 

Apr.    3 

Do... 

Apr.   4 


Sept.  11 
Nov.   4 

Do... 


Stream. 


Little  Pigeon  RJver 


East  Fork  of  Little 
Pigeon  River. 

Cosby  Creek 

Big  Pigeon  River 


TelUco  River 


Little  Tennessee 

River. 
Little  River 


Locality. 


At  bridge  jnst  above  junction 
with  West  Fork  of  Little 
Pigeon. 

Near  month 


At  month 

At  bridge  above  month  of 

Cosby  Creek. 
At   bridge    U    miles   above 

month. 
McGhee,Tenn 


Collins  River 

Little  Tennessee  , 

River.  I 

Tellico  River i 


Halfway  between  Lonisville 
and  Knozville,  Tenn.,at  A., 
K.  and  N.  Ry.  bridge. 

McMinnville,  Tenn 

McGhee,  Tenn 


At    bridge   U    miles   above 
month. 


Hydrographer.   ^^^^^ 


Dis- 
charge. 


B.  M.  Hall  and 
assistants. 

do 


Feet.     Sec. 


.do 
.do 

.do 

.do 

do 


-do 
-do 

do 


3.60 
3.50 


»  Estimated. 


Discharge  measvrements  of  HivxLssee  River  and  tributaries. 


m 


•30 

eo 

778 

3,580 

30,596 

3,013 


310 
3,675 

180 


Date. 


1901. 
Jan.  10 

Do... 
Jan.  U 

Do.. 

Do... 
Jan.  13 

Do... 

Do... 

Do... 
Do... 

Jan.  14 
Do... 
Do... 


Stream. 


Stanley  Creek 


BigCYeek 

Noontootly  Creek 

Toccoa  River 

Skeenah  Creek ... 

Rock  Creek 

Cooper  Creek 

Toccoa  River , 


Mill  Creek... 
Toccoa  River - 

Snches  Creek . 
Toccoa  River. 
Coosa  Creek  . . 


I 


Do  .-    Nottely  River 


Do  .. 
Jan.  15 
Do... 
Do... 
Do... 

Do... 
Jan.  16 

Do... 
Jan.  17 

Jan.  18 
Jan.  31 

Do... 
Do.- 
Jan.  22 

Jan.  34 

Do... 
Jan.  25 
Jan.  26 
Aug.  19 

Aug.  20 

Do... 


Butternut  Creek 
Arququah  Creek 

Town  Creek 

Stink  Creek 

Nottely  River . . . 


Wolf  Creek 

Toung  Cone  Creek 

Ivy  Log  Creek 

Nottely  River 


Brasstown  Creek. 
Hiwassee  River . . 


Bell  Creek 

Hlghtower  Creek 
Hiwassee  River  . . 


Hemptown  Creek. 


Hothouse  Creek. 

Greasy  Creek 

Okoee  River 

Toccoa  River 


Williams  Creek. 
Nickle  Creek... 


Locality. 


1  mile  above  mouth 


Near  mouth 

At  foot  log  i  mile  from  month. 

At  Van  Sant's  bridge 

1  mile  above  mouth 

Near  mouth 

Bridge  1  mile  above  month 

1^    miles  above  mouth  of 

Cooper  Creek. 

At  mouth 

Just  above   mouth  of  MIU 

Creek. 

Near  mouth 

Just  below  Snches  Creek 

Bridge  about  Zi  miles  from 

mouth. 
Bridge  H  miles  from  Blairs- 

ville,  Ga. 
Just  below  bridge  at  mouth. . 

At  Choestoe  road 

i  mile  from  mouth 

1  mile  above  mouth 


At  foot  log  Just  above  month 
of  Stink  Creek. 

On  Mouth  side  of  Nottely  River 

1  mile  above  mouth 

i  mile  above  mouth 

At  Thompson's  bridge  at  Ivy 
Log,  Ga. 

At  bridge  near  mouth 

Just  above  mouth  of  High- 
tower  Creek. 

At  mouth 

Near  mouth 

Bridge  U  miles  below  Hi- 
wai^ee,  Ga. 

Just  above  mouth  of  Young- 
stone  Creek. 

About  2  miles  above  mouth. . . 

Near  month 

Parksville,  Tenn 

li  miles  south  of  Gaddistown, 
Ga. 

i  mile  south  of  Gaddistown, 
Ga. 

i  mUe  south  of  Gaddistown, 
Ga. 


Hydrographer. 


a  M.  Hall  and 

assistants. 
.....do 


.do 
.do 
do 
do 
do 
do 

.do 
.do 

do 
.do 
.do 

-do 

.do 
do 
do 
do 

.do 

do 
.do 

do 
.do 

do 
.do 

-do 

do 

.do 

.do. 

.do. 

do 

.do. 

.do 

do. 

do 


Gage  '  Dis- 
heignt.  charge. 


Feet. 


5.06 


1.20 


8ec.-/t. 
49.0 

86.0 
307.0 
3,475.0 
109.0 
133.0 
887.0 
396.0 

12K.0 
43.0 

64.0 

175.0 

75.0 


1.45        450.0 


32.0 
40.0 
85.0 
48.0 
131.0 


55.0 

94.0 

33.9 

616.0 

149.0 
153.0 

24.0 
116.0 
306.0 

159.0 

75.0 

88.0 

1.602.0 

67.4 

33.8 

13.8 


IBR  63—02 
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DiscJiarge  measurements  of  Hiwassee  River  and  tributaries — Continued. 


Dato. 

1001. 
Aug.  30 

Do.  . 

Do. 


Stream. 


-  -I 


Do.. 
Do.. 

Aug.  2] 

Do.. 

Do  .. 

Do  .. 
Do  .. 

Aug.  23 

Do  . 
Aug.  26 

Do  .. 

Do  .. 

Do  .. 

Do.. 

Do  .. 
Ang.27 

Do  .. 

Aug  21 
Aug.  23 


To<rcoa  River. 

Suches  Creek . 

Cooper  Creek. 

Mulky  Creek  . 
Nottely  River 


Locality. 


Christopher  Creek. 
Arqnquah  Creek... 
Foun  Creek 


Stink  Creek  . . . 
Cboestoe  Creek . 


Miller  Creek 

Brasstown  Creek . . 
Long  BuUet  Creek 

Hog  Creek  

Hlwassee  River . .. 

Fodder  Creek 

HiwasHee  River  .-. 

Cinth  Creek 

Hiwassee  River  . . . 
Owl  Creek 


Fightingtown  Creek 
Weaver  Creek 


i  mile  Boatheast  of  Qaddis- 
town,  Ga. 

1  mile  northeast  of  Gaddis- 
town,  Ga. 

Near  fork  between  Gaddis- 
town  and  BlaJrsville,  Ga. 

do 

1  mile  southwest  of  Blairs- 
ville,  Ga. 

2i  miles  southeast  of  Blairs- 
ville,  Ga. 

dj  miles  southeast  of  Blairs- 
ville,  Ga. 

6  miles  southeast  of  Blairs- 
ville,  Ga. 

Near  Choestoe,  Ga 

5i  miles  southeast  of  Choe- 
stoe, Ga. 

i  mile  northeast  of  Blairs- 
ville,  Ga. 

U  miles  southwest  of  Young 
Harris,  Ga. 

3  miles  northwest  of  Hiwas- 
see, Ga. 

li  miles  northwest  of  Hiwas- 
see, Ga. 

1  mile,  northwest  of  Hiwas- 
see, Ga. 

3  miles  southeast  of  Hiwas- 
see, Ga. 

3  miles  north  of  Mountain 
Scene,  Ga. 

2  miles  north  of  Mountain 
Scene,  Ga. 

}  mile  north  of  Mountain 
Scene.  Ga. 

1  mile  north  of  Mountain 
Scene,  Ga. 

8  miles  from  mouth 

2  miles  from  mouth 


Dis- 


Hydrographer.    h^XctaSa 


B.  M.  Hall  and 

assistants. 
...do 

F\xt 

• 

Sec,-ft. 
147.6 

144  0 

....do 

85L5 

do 
do 

do 

-do 

do 

do 
do 


do 

do 

do 

do 

do 

.....do 
....do. 

do 

do. 

....do. 


-do 
.do 


75.0 
!165.0 

ao.i 

9B.0 
167.0 

lau.o 

87.0 
138.0 
»».0 

42.0 

1.(199.0 

110.7 

589.8 

89.0 

fe.0 

87.1 

238L0 
97.0 


«  Estimated. 


Discliarge  measurements  of  Duck  and  Elk  rivers,  Tennessee. 


Date. 


Apr.  19 


Stream. 


19()1. 
Fob.    0     Duck  River. 
Do    .    Elk  River... 


Duck  River. 


Locality. 


Hydrographer. 


Columbia,  Tenn  ... 
Fayette ville,  Tenn 
Columbia,  Tenn  . .. 


Max  Hall 

do.... 

do.... 


Dia- 
charge^ 


Sec./t. 
2.418 
1.888 
9,S(M 


Duicharge  measurements  of  tributaries  of  Savannah  River. 


Date. 


19(11. 
Aftr.  24 

Aug  12 

Aug.  13 

Sept.  30 
Do  .. 
Oct.   19 


Stream. 


Rfxjky  River. 

do 

Little  River  . 


Stekoa  Creek 
Mill  Creek... 
Tiger  Creek  . 


Locality. 


I   Hydrographer.   ^^SSR-di^ 


Difl- 


5|  miles  northwest  of  Cal- 
houn Palls,  S.  C. 

do 

5  miles  west  of  Calhoun  Falls, 
8.C. 

2  miles  south  of  Clayton, Ga..| do 

do I do 

Tallulah   FalLs,  Ga.,  k  nille  • do 

above  mouth.  I 


B.  M.  Hall   and 
assistants. 

do I 

....do 


F^t. 


1.36 


Sec.'ft. 
5M.0 

448.0 
107.0 

71.0 

7.9 

15L0 
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Discharge  measurements  of  Flint  River  and  tributaries. 


Date. 


1901. 
Mar.    9 

Do    . 

Do 
Mar.  20 

Do.. 
Apr.  17 
Apr.  18 

Do.. 
July  18 
Julv^l9 


Stream. 


Kinchaf oonee  Creek 

Muckalee  Creek 

Blue  Spring  Creek.. 
Klnchafoonee  Creek 

Muckalee  Creek 

Flint  River 

Klnchafoonee  Creek 

Muckalee  Creek 

Flint  River 

Klnchafoonee  Creek 
Muckalee  Creek 


Locality. 


Albany,  Qa 

U  miles  above  mouth :.... 

4  miles  below  Albany,  Ga 

Albany,  Oa 

do 

1  mile  south  of  Montezuma,  Ga  do 

Albany.Ga do 

do I do 

U  miles  east  of  Monteznma,  Ga | do 

Near  Albany,  Ga do 

do do 


Hydrographer. 


B.  M.Hall.... 

-...do 

...-do 

F.  A.  Murray 
do 


Dis- 
charge. 

l.SOB 
1,777 
05 
1,980 
3,844 
5,099 
1,741 
8,600 
8,386 
714 
1,001 


Discharge  measurements  of  Chattahoochee  River  and  tributaries  in  Georgia, 


Date. 


1901. 
Jan.    7 

May  15 

June  25 

Oct.  84 


Stream. 


Nancys  Creek 

Sweetwater  Creek . . 
Chattahoochee  River 

Baldridge  Creek 


Locality. 


7  miles  northeast  of  Atlanta, 

on  Peachtree  road. 

Austell,  Ga 

3|  miles  northwest  of  Gainee- 

ville.  Ga. 
Near  Buford,  Ga 


Hydrographer. 


Dis- 
charge, t 


J.  C.  Conn 


K.  T.  Thomas 
F.  A.  Murray. 

MaxHaU 


Sec-ft 
45.9 

188.0 
1,306.0 

33.6 


Discharge  measurements  of  Chattahoochee  River  and  tributaries. 


Date. 


1901. 
Jan.  12 

Do... 
Do... 
Jan.  13 

Do.-. 

Do.. 

Do-.. 

Do... 
Jan.  14 

Do... 

Do... 
Jan.  15 

Do.. 

Do... 

Do... 

Do... 
Jan.  16 

Do... 

Do.. 
Do-  . 

Aug.  17 

Do... 

Aug.  19 
Ane.  29 

Do"! 
Ang.  30 
Ang.31 

Do!;: 


Stream. 


Yahoola  ditch 


Locality. 


1  mile  oast  of  Dahlonega,  Ga. 


Yahoola  Creek 

Chestatee  River 

East  Fork  of  Tessan- 
tee  Creek. 

Dukes  Creek 

Chattahoochee  River 

Bean  Creek 

Chickamauga  Creek 

Soque  Rivor. 

Shoal  Creek 

Soque  River   

Hazel  Creek 

Whites  Creek 

North    Prong    of 
Mossy  Creek. 

South    Prong  of 
Mossy  Creek. 

Flat  Creek 

East  Prong  of  Little  | 
River. 

West  Prong  of  Lit- 
tle River. 

Wahoo  Creek 

Chestatee  River 

Yahoola  Creek 

Tate  Creek 

Cane  Creek 

Santee  Oeek 

Chattahoochee  River] 
East  Tes9an  tee  Creek  i 

Chestatee  River 

Crooked  Creek 

Chestatee  River 

Yellow  Creek 


2  miles  east  of  Dahlonega,  Ga 

5  miles  east  of  Dahlonega,  Ga 

3  miles  northeast  of  Cleveland,  Ga. 


U  miles  southwest  of  Nacoochee,  Ga. 

Nacoochee,  Ga 

1  mile  east  of  Nacoochee,  Ga 

3i  miles  northeast  of  Nacoochee,  Ga. 

4  miles  south  of  Soque,  Ga 

\  mile  above  mouth 

I  miles  south  of  Soque,  Ga 

Demorest,Ga 

7  miles  west  of  Demorest,  Ga 

Mossy  Creek,  Ga 


do. 


Glades,  Ga 

2^  miles  west  of  Glades,  Ga. 


4  miles  west  of  Glades,  Ga  . 


4  miles  east  of  Price,  Ga 

Newbridge,  Ga 

Bridge  1  mile  northeast  of  Dahlonega, 
Ga. 

1  mile  southeast  of  Porter  Springs,  Ga 
8f  n:  -'les  northwest  of  Dahlonega,  Ga. 

imile  east  of  Santee,  Ga 
mile  west  of  Nacoochee.  Ga 

2  miles  north  of  Cleveland,  Ga 

3  miles  southeast  of  Dahlonega,  Ga. . 
21  miles  southwest  of  Dahlonega,  Ga. 

Newbridge,  Ga 

2  miles  southeast  of  Newbridge,  Ga  . . 


Hydrographer. 


B.  M.  HaU  and 
assistants. 

....do 

....do 

....do 


.do 

.do 

do 

do 

do 

do 

do 

.do 

.do 

do 


Dis- 
charga 


Sec.-ft. 
30.5 

300.8 

i,4n.i 

10.3 

865.8 

484.0 

12.3 

100.8 

132.0 

60.1 

808.8 

04.8 

38.8 

6L1 


do 

do 

do 

85.0 

2S.5 
36.4 

do 

58.4 

do 

do 

do 

do 

89.0 
717.8 
241.0 

82.6 

do  

do 

40.5 
816.8 

do 

005.6 

do 

27.8 

do 

do 

744.1 
9.0 

do 

do 

1,141.3 
41.0 
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Discharge  nieohiircments  of  Etotoah  River  and  tributaries. 


Date. 


1901. 
Jan.    7 

Jan.    8 
Do  -. 

Do  . 

Do  - 
Do  .. 

Do  .. 

Do  .. 
Jan.    9 

Do  .. 
Jan.  10 

Do  -. 

fan.  11 

Do  -. 

Jan.  17 

■      Do  .. 

Jan.  18 

Do    . 

Jan.  19 

Aug.  31 


Stream. 


Willieo  Creek 

Coopers  Sandy  Creek 

South  Prong  of  Lit- 
tle River. 

North  Fork  of  Lit- 
tle River. 

Smith  wick  Creek  . . . 

Buzzard  Flopper 
Creek. 

Boardtree  Creek  — 

Settingdown  Creek . 

Etowah  River 

Yellow  Creek 

Amicalola  River 

East  Amicalola 
River. 

Nimble  will  Creek... 

Etowah  Ri vor 

Cogbnrris  Creek 

Etowah  River 

Settingdown  Creek . 

Boardtree  Creek  — 

Willieo  Creek 

Etowah  River 


Locality. 


\  mile  above  month 


1  mile  north  of  Crabapple«  Ga 

2  miles  south  of  Freemansville,  Ga. 


Hydrographer.   .^£5^ 


^  mile  east  of  Orange,  Qa  . 
'6  miles  east  of  Orange,  Ga. 


1  mile  south  of  Crelghton,  Gki 

Creighton,Ga 

I  mile  north  of  High  tower,  Ga 

6  miles  northeast  of  High  tower,  Ga 

Afton,  Ga 

Weir,  Ga 


1  mile  south  of  Randa,  Ga 

5i  miles  east  of  Randa,  Ga 

U  miles  above  mouth 

Hightower,  Ga 

i  mile  above  mouth 

1  mile  south  of  Creighton,  Ga. 

t  mile  above  mouth 
mile  west  of  Auraria,  Ga — 


B.  M.  Hall 
assistants. 

.....do 

do 


and 


2  miles  north  of  Freemansville,  Qk do 


.do 
.do. 

.do 
do 
do 
.do 
.do. 
.do 

.do. 
do 
.do 
.do 
.do 
.do 
-do 
.do 


9.0 
S1.5 

13.4 

8.S 
tt.5 

7.2 
74.0 

512.4 
32.0 

105.4 
58.3 

»8.3 

1.8SLU 
14.6 

er&i 

17K.3 

9.8 

31.0 

ITSuO 


Discharge  measurements  of  Cahaba  River  and  tributaries* 


Date. 


1901. 
Jan.  28 
Jan.  29 
Mar.  28 

Do  .. 
Mar.  29 

Do.. 
Apr.  25 


Stream. 


Hawkins  Spring 
Cahaba  River . . 

Valley  Creek 

Blocton  Creek.. 
Cahaba  River . . 

Buck  Creek 

Cahaba  River . . 


Locality. 


i  mile  from  Hawkins  Station 

Sydenton,  Ala  ...: 

Adjers  Station,  Ala 

Blocton,  Ala 

i  mile  south  of  Sydenton  Station,  Ala 

i  mile  above  mouth 

2  miles  east  of  Harrell,  Ala 


Hydrographer. 


K.  T.  Thomas 

do 

J.  R.  Hall 

do 

do 

do 

do 


Discharge  measurements  of  Tombigbee  River  and  tributaries. 


I    DIs 
charge. 

Sec-fL 

lis 

548.0 
378.0 
107.0 

1,117.0 
179.0 

6.M0.0 


Date. 


1901. 
Feb.  16 
Feb.  18 
Mar.  7 
Mar.  11 
Apr.  15 
Apr.  ]« 
June  26 
Oct.  31 


Stream. 


Tombigbee  River 
Luxapelila  Creek 
Yalabusha  River . 
Luxapelila  Creek 
Big  Black  River . . 
LuxapiUila  Creek 

do 

do 


Locality. 


Waverly,  Miss 

Columbus,  Miss 

Grenada,  Miss 

Columbus,  Miss 

1  mile  east  of  Goodman,  Miss 

Columbus,  Miss 

do 

.....do 


Hydrographer. 


E.  T.  Thomas. 
do 


.do 
.do 
.do 
.do 
do 
.do 


Dis- 
charge. 


Sec'ft. 

6,7» 

957 

1.336 

2,459 

614 

873 

109 

12B 


DisclwLrge  meamirements  of  tributaries  of  Mississippi  River, 


Date. 


1901. 
Feb  U 
Feb.  15 


Stream. 


Sunflower  River 

Sakatouchee  River  . . 


Locality. 


Baird,  Miss 

Mhoon  Valley,  Miss. 


Hydrographer.  I^j^j^ 


K.  T.  Thomas. 
do 


'•^•^i 


8.^ 


569 
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Discharge  measurements  of  Tallapoosa  River  and  tributaries. 


Date. 


1901. 
Jan.    7 
Feb.  11 

Do.. 
Feb.  13 

Do.. 
Feb.  27 
Mar.   5 
Mar.  11 
Mar.  12 

Do.. 

Do.. 

Do  .. 

Mar.  13 

Do.. 

Do.. 


Do. 
Do. 
Oct.  21 
Do.. 


Stream. 


Tallapoosa  River 

WindCreek 

Saugahatchee  Greek 

Blue  Creek 

CheDehatchee  Crioek 

Kowaliffa  Creek 

Emackiaw  Creek  . . . 

Moores  Creek 

Chattahaspa  Creek . . 

Cohoasoncsa  Creek. . 

Hlghpine  Creek 


Beaverdam  Creek. 
Comhouse  Creek . . 

Wildcat  Creek 

Tallapoosa  River.. 


Crooked  Oreek ... 
Hurricane  Creek. 
Tallapoosa  River. 
do 


Locality. 


2  miles  from  Tallapoosa,  Ga 

About  4  miles  above  mouth 

Thaddeus,Ala 

I  mile  from  Susanna,  Ala 

Smiles  above  mouth 

Kowaliga.Ala 

NearZanaP.  0.,Ala 

U  miles.north  of  Dudleyville,  Ala  ... . 

1  mile  south  of  Patillos  crossroads. 
Chambers  County,  Ala. 

2i  miles  below  and  west  of  MUltown, 
Ala. 

i  mile  south  of  Chambers  and  Ran- 
dolph County  line. 

1  mile  northof  Liovlna,  Ala 

Near  Level  Roads,  Ala 

Near  Gay  P.O.,  Ala 

About  3  miles  below  confluence  of 
Big  and  Little  Tallapoosa  rivers,  at 
Slakes  Ferry. 


1  mile  north  of  Almond,  Ala 

Near  Tallapoosa,  Ga 

do 


Hydrographer. 


Max  Hall 
J.RHaU. 

do.... 

do.... 

do.... 

do.... 

do.... 

...-do.... 
do 


.do 

.do 

do 
-do 
.do 
.do 


do.... 

do.... 

Max  Hall 
do.... 


Dis- 
charge. 


Sec 


66 
453 
117 

80 
154 
113 

29 
208 

122 

89 


ao 

81 
32 

2,400 


183 
29 

119 
96 


Discharge  measurements  of  tributaries  of  Coosa  River  in  Alabamxi, 


Date. 

Stream. 

Locality. 

Hydrographer. 

Dls- 
charga 

1901. 
Apr.    5 

Choccolocco  Creek . . 

Big  Wills  Creek 

do • 

li  miles  north  of  Jenifer,  Ala 

2  miles  north  of  Attidla,  Ala 

J.R.Hall 

Sec./t. 
1,170.0 

Oct    16 

F.  A.  Murray 

do  

107.3 

Do  -. 

do --,. 

106.8 

Discharge  measurements  of  tributaries  of  Oostanaula  River. 


Date. 


1901. 
Jan.    7 

Do  .. 
Jan.    8 

Do.. 

Do  .. 
Jan.  9 
Jan.  28 

Do-. 

Do  .. 

Jan.  29 

Do  .. 

Do  .- 

Do  .. 

Do  .. 

Do  .. 

Aug.  19 


Stream. 


M  ountaintown 
Creek. 

Ellijay  River 

Cartecay  River 

do 

Anderson  Creek 

Tickanetley  River  . . 
Jacks  River 


Conasauga  River 

Sheets  Creek 

Sumach  Creek 


Su- 


3u- 


North  Prone  of 

mach  Creek. 
South  Prong  of 

maoh  Creek. 

MillCYeek 

Holly  Creek 

Rock  Creek 

Talking  Rock  Creek 
Talona  Creek 


Locality. 


3i  miles  from  Ellijay,  Ga. 


Ellijay,  Ga 

do 

Cartecav,  Ga 

1  mile  aoove  mouth 

1  mUe  above  mouth  of  Anderson  Creek 
Near  its  junction  with  Conasauga 

River. 
1  mile  above  mouth  of  Jacks  River. . . 

Just  above  mouth 

At   junction  of  North  and  South 

pron^ 
Near  junction  of  North  and  South 

prongs. 
do 


Near  Dunn,  Ga 

Near  Fast  Mountain,  Ga 

Ramsay,  Gki 

Talking  Rock,  Ga 

i  mile  above  mouth 


Hydrographer. 


B.  M.  Hall   and 

assistants. 
do 


.do 
.do 
.do 
-do 
.do 

.do 
.do 
.do 

.do 

.do 

do 
.do 
.do 
.do 
.do 


;    Dis- 
charga 

Sec.ft. 
162.0 

166.0 
2S0.0 
207.0 
37.0 
43.5 
186.0 

119.0 
12.0 
68.3 

19.8 

88.5 

41.8 
107.0 

41.0 
215.0 
714.0 


INDEX  TO  PAPERS  NOS.  62  AND  63. 


A. 

Abbe.  Cleveland,  jr. ,  acknowledgments  to  11 
A^rricalture,  extent  and  character  of —  39,41 

Amicalola  River,  measnremen  t  o.' 180 

Anderson  Creek,  measurement  of 181 

Ararat  River,  features  of 169 

measurements  of 164 

Arququah  Creek,  measurements  of 177,178 

Atcheson  Creek,  measurements  of 62 

Avery  Creek,  measurement  of 128 

B. 

Bald  Creek,  measurements  of 109 

Bald  Mountain  Creek,  measurements  of.  109 

Baldrldge  Creek,  measurement  of 179 

Balds,  occurrence  and  character  of 20-21 

Balsam,  occurrence  and  character  of 26 

Balsam  fir  ( wind-dwarfed ) ,  view  showing  26 

Balsam  Mountains,  features  of 13 

highest  iieaks  in 14 

Bark  industry,  extent  and  injury  of 28 

Bean  Creek,  measurement  of 179 

Bell  Creek,  measurement  of 177 

Bear  Creek  (Middle  Fork  Holston),  fea- 

turesof 77 

measurements  of 73 

Bear  Creek  (Nolichucky),  measurements 

of 108 

Bear  Creek  (North  Toe ) ,  water  powers  of  118 

Beaver  Creek  (New),  measurement  of. . .  172 

water  i>ower  on 173 

Beaver    Creek    (Nolichucky),   measure- 

mentsof 108 

Beaver  Creek  (North  Toe),  water  powers 

of 118 

Beaverdam  Creek  (French  Broad),  fea- 

turesof 136 

measurements  of 128 

Beaverdam  Creek  (Laurel  Fork  Holston), 

features  of 66-66 

Beaverdam  Creek  (South  Fork  Holston), 

measurements  of 62 

Beaverdam  Creek  (Tallapoosa),  measure- 
ment of  181 

Beaverdam  Creek  (Watauga),  features 

of 9»-93 

measurements  of 86 

Beech  Creek,  features  of 92 

measurements  of 86 

Beidelmans  Creek.    See   Sinking  Creek 

(Holston). 

Big  Creek  (French  Broad ),  features  of . . .  1 29 

Big  Creek  (Hiwassee),  measurement  of. .  177 
Big  Creek  (Nolichucky),  measurements 
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Big  Black  River,  measurement  of 180 

Big  Bugaboo  Creek,  measurement  of 104 

Big  Dry  Bun,  measurement  of 86 

Big  Elkin  River,  features  of 1:7-168 

measurements  of 164 

Big  Ivy  River,  measurements  of 128 

Big  Laurel  Creek  (French  Broad),  fea- 
tures of l.)0-131 

measurements  of 128 

Big  Laurel  Creek  (New),  mea.surements^ 

of "   174 

Big  Pine  Oeek,  features  of 131 

measurements  of 128 

Big  Pigeon  River,  measurement  of 177 

Big  Rock  Creek  (Nolichucky),  moasure- 

mentsof 108 

Big  Rock  Creek  (North  Toe),  features 

of 113-114 

Big  Wills  Creek,  measurements  of 181 

Black  Mountains,  features  of '. 13 

highest  peaks  in 16 

lumberingin 28 

name  of,  derivation  of 21 

view  in 30 

Blevins  Creek,  measurement  of 86 

Blocton  Creek,  measurement  of 180 

Blowing  Rock,  N.C.,  escarpment  ot  Blue 

Ridge  at,  view  showing 16 

Blue  Creek,  measurement  of 1 81 

Blue  Ridge,  escarpment  of,  view  of 1& 

features  of 12-r>,17 

rivers  rising  in 17 

Blue  Spring  Creek,  measurement  of 179 

Boardtree  Creek,  measnremen ts  of 180 

Boone  Fork  of  Watauga  River,  features 

of 94-95 

measurements  of 80 

Bowlems  Creek,  measurements  of 100 

Boylston  Creek,  measurement  of 128 

Branch,L.  v., acknowledgments  to 11 

Brasstown  Creek,  measurements  of 177,178 

Broad  River,  drainage  l>asin  of 130-140 

features  of 19 

forests  in  basin  of 140 

measurements  of 141 

minerals  in  basin  of 140 

rainfall  in  basin  of 110 

tributaries  of,  features  of 143-146 

tributaries  of,  measu  rements  of 143 

water  powers  of 142 

Brown  CJreek,  measurements  of 100 

Brush    Creek    (Nolichucky),    meosure- 

mentsof 108 

Brush  Creek  (Watauga),  features  of 87 

measurements  of 86 
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Bmshy  Fork  of  Cone  Creek  (Wataaga), 

measurement  of 86 

Buck  Creek  (Cahaba),  measurement  of..  180 
Buck  Creek  (Catawba),  features  of....  152-163 

measurementR  of 151 

Buffalo  Creek  (Broad),  measurement  of.  148 
Buffalo  Ch'eek  (New),  measurements  of.  174 
Buffalo  Creek  ( Watauga),  features  of  . . .  87-88 

measurements  of 86 

Buncombe  County,  N.  C,  features  of..  118-120 

Butternut  Creek,  measurement  of 177 

Buzzard  Flopper  Creek,  measurement  of  180 
Byars  Creek,  features  of 76-76 

measurements  of 78 

C. 

Cahaba  River,  measurements  of 180 

tributaries  of,  measurements  of 180 

Cane    Branch   (Nolichucky),    measure- 
ments of 100 

Cane  Creek  (Broad ),  measurement  of 148 

Cane  Creek  (Catawba) ,  features  of 166 

measurements  of 161 

Cane  Oeek  (CHiattahoochee),  measure- 
ment of  179 

Cane  Creek  (Nolichucky),  measurements 

of 108 

view  of 105 

Cane  Creek  (North  Toe),  features  of 113 

Caney  Creek,  measurement  of 128 

Caney  River,  f eatu  res  of 114-115 

measurements  of 100 

Carlocks  Creek,  features  of 75 

Cartecay  River,  measurements  of 181 

Catawba  River,  drainage  basin  of 147-148 

falls  on,  viewof 146 

features  of 10 

floods  in,  view  showing  effects  of 148 

flow  of ,  minimum 160 

forests  in  basin  of 148 

hillside  wash  in  valley  of,  view  show- 
ing    148 

measurements  of 148-140 

rainfall  in  basin  of 148 

tributaries  of ,  features  of 162-168 

.  tributaries  of,  measurements  of 151-162 

water  powers  of 160-151 

Catawba  River,  North  Fork,  features  of.  153 

measurements  of 151 

Cathey  Creek  (Broad ) ,  measurement  of . .  148 
Cathey  Creek  (French  Broad),  measure- 
ment of  128 

Cattail  Branch,  measurements  of 100 

Cedar  Oeek,  features  of 74 

measurement  of 78 

Center  Creek,  features  of 162 

Chattahaspa  Creek,  measurement  of 181 

Chattahoochee  River,  measurements  of  .  179 

tributaries  of,  measurements  of 179 

Cheever  Improvement  Company,  forests 

owned  by 28 

Chenehatchee  Creek,  measurement  of . . .  181 

Chestatee  River,  measurements  of 179 

Chestnut,  occurrence  of 27 

<%ickamauga  Creek,  measurement  of 179 

Chilhowie  Creek,  features  of 76 

Choooolocoo  Creek,  measurement  of 181 


Choestoe  Creek,  measurement  of 1^ 

Christopher  Creek,  measurement  of 17B 

Cinth  Creek,  measurement  of 178 

Clay  deposits,  views  showing 84 

Clear  Oeek,  features  of ISS 

measurements  of 151 

Climate,  features  of 22-28 

C!lingman,  Qeneral,  quoted 31 

Cioudland,  N.  C,  features  of U3-I14 

Cocke  County,  Tenn.,  features  of 121-123 

Cogburris  Creek,  measurement  of 180 

Cohoasonosa  Jreek,  measurement  of 181 

Colbert  Creek,  measurements  of UV 

Collins  River,  measurement  of 177 

Conasauga  Creek,  measurement  of 176 

Conasauga  River,  measurement  of 181 

Conn,  J.  C,  acknowledgments  to 11 

Cooper  Oeek,  measurements  of 177. 178 

Coopers  Sandy  Creek,  measurement  of. .  180 

Coosa  Creek,  measurement  of 177 

Coosa  River,  tributaries  of,   measure- 
ments of 181 

Comhouse  Oeek,  measurement  of 181 

Cosby  Oeek,  measurement  of 177 

Ck>ve  Creek  (Broad),  measurements  of. . .  143 

Cove  Creek  (Watauga),  features  of 9S-aft 

measurements  of 86 

Cowee  Mountains,  features  of 18 

Crabtree  Creek  (Nolichucky),  measure- 

mentsof IQB 

Crabtree    Oeek    (North    Toe),    water 

powers  of 113 

Craggy  Range,  highest  peaks  in 15 

Cranberry  Creek,  measurement  of 86 

Crib  Oeek,  features  of 15S 

measurements  of 151 

Crooked  Creek  (Chattahoochee),  meas- 
urement of 179 

Crooked  Oeek  (Tallapoosa),   measure- 

mentof 181 

CuUasagee  Oeek,  N.  C. ,  falls  of,  view  of.  174 

Curtis,  N.  C,  acknowledgments  to 11 

CHirtis  Oeek,  measurements  of 151 

D. 

Dam,  splash,  view  of 108 

Dark  lUdge  Creek,  measurement  of 86 

Davidson  River,  measurements  of 128 

Deforestation,  effects  of 29-80, 81-33, 5H.  74 

effects  of,  views  showing 33, 34, 148 

Denton  Valley  Creek,  features  of 61 

measurements  of 83 

Doe  Creek,  features  of 90 

measurements  of 86 

Doe  River,  features  of 88-89 

measurements  of 85- M 

Doe  River  Valley,  view  of 89 

Drainage  basins,  map  showing 14 

Dry  Creek,  features  of 55 

Duck  River,  measurements  of 178 

Dukes  Creek,  measurement  of 179 

Dutch  Creek,  features  of 91 

measurements  of 86 

East  Amlcalola  River,  measurement  of.. 
East  Branch  or  Fork  of  any  stream,  set 
the 
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Elk  Creek  (New), measarexnentB  of....  170,172 

water  power  on J73 

Elk  Creek  (Wataaga),  features  of 91-92 

measaremeuts  of 86 

view  of 90 

Elk  Creek  (Wataafra),  North  Fork.meas- 

nrementsof 86 

Elk  Creek  (Watangra),  Boath  Fork,  meas- 

nrementsof 86 

Elk  Creek  (Tadkin),  features  of 165 

measurements  of 164 

Elk  Falls,  N.C.,  view  of 90 

Elk  Fork  Creek,  measurements  of 109 

Elk  Birer,  measurement  of 178 

Elk  Shoal  Creek,  measurement  of 109 

Ellijay  River,  measurement  of 181 

Empire  Company,  forests  of  and  lumber- 
ing by 27" 

ESmuckf  aw  Creek,  measurement  of 181 

Enoree  River,  measurement  of 143 

Erosion,  extent  of 29,81-32 

effects  of ,  views  showing 32,34,148 

Etowah  River,  measurements  of 180 

tributaries  of,  measurements  of 180 

F. 

Fall  Creek,  measurement  of 138 

Fifteenmile  Creek,  features  of 68 

measurements  of 53 

Fightingtown  Creek,  measurement  of..  .      178 

Fires,  destruction  by 29-30 

First  Broad  River,  features  of 143-144 

measurements  of 143 

Fishdam  Creek,  features  of 58 

measurements  of 68 

Fisher  River,  features  of 168-169 

measurements  of 164 

Fish  Spring,  Tenn. ,  features  of 82 

Flannery  Fork,  measurements  of 172 

Flat  Creek   (Chattahoochee),  measure- 
ment of 179 

Flat  Creek  (French  Broad),  features  of.  134-135 

measurements  of 128 

FUnt  River,  measurements  of 179 

tributaries  of,  measurements  of 179 

Floods,  destruction  by 32-33 

effects  of 82-83 

effects  of,  view  showing 34, 106, 148 

Fodder  Creek,  measurement  of 178 

F(^ey  Creek,  measurements  of 86 

Forests,  destruction  of 26-27, 28-29 

extent  and  character  of . . .  20, 21, 25-30, 82-88 

fires  in 29-30 

value  of 31-32 

viewsshowing 20,26 

Forge  Creek,  measurement  of 86 

Foun  Creek,  measurement  of 178 

Fox  Creek,  measurements  of 170 

French  Broad  River,  drainage  basin  of.  115-123 

features  of 1&-19 

measurements  of 124 

rainfall  in  basin  of 123 

streams  southwest  of,  features  of  . .  175-176 
transportation  facilities  in  basin  of  . .      124 

tributaries  of.  features  of 129-Ky> 

tributaries  of,  measurements  of 127-128 


Page. 

French  Broad  River,  views  of 120, 124 

water  i>owers  of 1^-127 

French  Broad  River,  E^t  Fork,  measure- 

mentof 128 

French  Broad  River,  Middle  Fork,  meas- 
urement of 128 

French  Broad  River,  North  Fork,  meas- 
urements oL. 127 

French  Broad  River,  South  Fork,  meas- 

inrement  of 128 

French  Broad  River,  West  Fork,  meas- 

urementsof 128 

O. 

Gaging  stations,  location  of 36 

map  showing  location  of 14 

Qap  Creek  (New),  measurement  of 172 

Gap  Creek  (Watauga) ,  features  of 88 

measurements  of 85 

Geology,  features  of 15-17 

Gneiss  (decomposed),  erosion   in,   view 

showing 82 

Grandfather  Mountain,  elevation  of 158 

features  of 21-22,81-82 

forestsof 21,26 

views  of 22,26,38 

Grandmother  Mountain,  elevation  of 153 

Grassy  Creek,  measurements  of 106 

Graves,  E.,  acknowledgments  to 11 

Greasy  Creek,  measurement  of 177 

Green  River,  features  of 145-146 

measurements  of 143 

Grose  Creek,  features  of 68 

measurements  of 63 

H. 

Hall,  B.  M. ,  acknowledgments  to 1 1, 175 

Hall,  J.  R. ,  acknowledgments  to 11 

Hall,  M.,  acknowledgments  to 11 

Hall,  W.  E.,  acknowledgments  to 11 

Halls  Creek,  features  of 75 

measurement  of 73 

Hard  woods,  occurrence  and  character  of .  26, 28 

Hatcher  Creek,  features  of 55 

measurement  of 58 

Hawkins  Spring,  measurement  of 180 

Hayes  Creek,  features  of 132 

Hazel  Creek,  measuremen  t  of 179 

Helton  Creek,  features  of 175 

measurements  of 174 

Hemptown  Creek,  measurement  of 177 

Henderson  County,  N.  C,  features  of . .  117-118 
Hensons  Creek  (Nolichucky),  measure- 
ment of 109 

Hensons  Creek  (North  Toe),  low- water 

flow  of 113 

water  powers  of 113 

Hickory  Nut  Creek,  measurement  of 143 

view  of 140 

Hickory  Nut  Qap,  N.  C,  view  of 140 

Highpine  Creek,  nieasurement  of « 181 

High  tower  Creek,  measurement  of 177 

Highways.    See  Roads. 

Hillside  slopes,  agriculture  on' 29,30 

Hillside  wash.    See  Erosion. 
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HlwaflBee  Biver,  measurements  of 177, 178 

tribataries  of,  measurementa  of 177-178 

Hog  Creek,  measurement  of 178 

Hofrthief  Creek,  features  of 74 

measurements  of 73 

Hogtrough  Creek,  features  of 68-419 

measurements  of 63 

HoUins  Creek,  measurement  of 143 

Hollow  Poplar  Creek,  features  of 110 

measurements  of 106 

Holly  Creek,  measurement  of 181 

Holmes,  J.  A. ,  acknowledgments  to 9, 11 

Holston  Biver,  agriculture  in  basin  of . . .       41 

drainage  basin  of 36-40 

features  of 18 

lumber  in  basin  of 41 

minerals  in  basin  of 41 

rainfall  in  basin  of 40 

transportation  fadlitiea  in  basin  of..  41-42 
Holston  River,  Middle  Fork,  drainage 

basin  of 69-70 

measurements  of 70 

tributaries  of^features  of 74-77 

tributaries  of,  measurements  of 73 

water  powers  of 70-73 

Holston    River,  South    Fork,  drainage 

basin  of 42-46 

fall  or  slope  of 42 

forests  in  basin  of 47 

measurements  of —       48 

minerals  in  basin  of 47 

rainfall  in  basin  of 47 

transportation  facilities  iu  basin  of  . .       47 

tribataries  of ,  features  of 53-69 

tributaries  of,  measurements  of. . .  53, 62-63 

water  powers  of 48-63 

Hominy  Creek,  measurements  of 128 

Horse  Creek  (New),  measurements  of .. .      174 
Horse    Creek    (Nolichucky),    measure- 

mentsof 109 

Hothouse  Creek,  measurement  of 177 

Hot  Springs,  N.C., features  of 121 

Hungry  Mother  Creek,  features  of 76 

measurements  of 73 

Huntsdale,  Tenn.,  development  of 28 

Hurricane  Creek,  measarement  of 181 

Huttons  Branch,  features  of 75 

'       measurements  of 73 

I. 

Indian  Creek,  features  of 54 

Ivy  Log  ( Yoek ,  measurement  of 177 

Ivy  River,  features  of 132-133 

J. 

Jack  Creek,  measurements  of 106 

Jacks  River,  measurement  of 181 

Jacobs  Creek,  features  of 60 

measurements  of 63 

Jarrett  Creek,  measurement  of 151 

J im  Scot  Branch,  measa remen ts  of 63 

Jonah  Creek,  features  of 68 

moasurements  of 53 

John  River,  filatures  of 157-158 

meiisurementH  of 158 

Johnson  County  Cove,  features  of 38 


K. 

Keith,  A., quoted  on  geology  of  region  ...  15-17 

quoted  on  soUb  and  deforestation 31-32 

Kentucky  Fork  of  North  Toe  Biver,  meas- 

urementof 100 

Kinchafoonee  Creek,  measurements  of  ..  179 

King  Creek,  measurement  of 128 

Kowaliga  Creek,  measurement  of 181 

L. 

Laurel  Branch,  features  of 129 

Laurel  Creek,  features  of fl8,M 

Laurel  Creek,  lower.    See  Lower  Laurel 

Creek. 
Laurel  Creek,  upper.    iSee  Upper  Laurel 

Crook. 

Laurel  Fork  of  Doe  Biver,  features  of . . .  89 

measurements  of 86 

Laurel  Fork  of  Holston  Biver,  features  of.  63-67 

measurements  of OS 

Lees  Creek,  measurements  of 128 

Lime,  manufacture  of 43,46 

Linville  Gap,  elevation  of 153 

Linville  Improvement  Company,  lands 

owned  by 21-S 

Linville  Biver,  falls  of,  view  of 154 

features  of 153-155 

measurements  of 151 

Little  Biver  (Chattahoochee) , East  Prong, 

measurement  of 179 

Little     Biver     (Chattahoochee),    West 

Prong,  measurement  of 179 

Little  Biver   (Etowah),  North    Prong, 

measorement     180 

Little    Biver   (Etowah),   South  Prong, 

measurement  of UK) 

Little  Biver  (French  Broad),  measure* 

mentsof 128 

Little  Biver  (New),  measurements  of 170 

Little  Biver  ( Savannah ) ,  measurement  of  ITS 
Little  Biver  (Tennessee),  measurements 

of .-. 175,177 

Little  Bald  Mountain  Oeek,  measure- 
ments of  109 

Little    Crabtree    Creek    (Nolichucky), 

measurements  of lOB 

Little  Crabtree  Creek  (South  Toe),  fea- 

turesof 114 

Little  Doe  Biver,  features  of 88-80 

measurements  of .- 85 

Little  Elk  Creek,  measurement  of 86 

Little  Pigeon  Biver,  measurement  of 177 

Little  Pigeon  Biver,  East  Fork,  measure- 

mentof 177 

Little  Pigeon  Biver,  West  Fork,  measure- 

mentof 176 

Little  Pine  Oeek,  features  of 138 

measurements  of 12K 

Little  Tennessee  Biver,  measurements 

of 176.177 

Locust  Creek,  measurements  of IflB 

Long  Oeek,  features  of 12B 

Long  Bullet  Creek,  measurement  of 178 

Louis  Fork  of  Yadkin  River,  featni  es  of .  166-166 

measurements  of 161 

Iji)wer  Creek,  features  of 158 

measurements  of , 
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Liower  Laurel  Creek,  measurements  of ..       86 

Lumbering,  extent  and  methods  of 25-29 

Luxapellla  Creek,  measurements  of 180 

M. 

Madison  County,  N.  C,  features  of  ....  120-121 

Maple  Creek,  measurement  of 143 

Map,  drainage  liasin  and  gaging  stations.  14 

mountain  ranges  and  drainage 11 

Martin  Creek,  measurements  of 106 

Meat  Camp  Creek,  measurements  of 172 

water  i)ower  on 173 

Middle  Creek,  measurements  of 109 

Middle  Fork  or  Branch  of  any  stream,  see 
the  stream. 

Middle  Salud&  Biver,  features  of 137 

138 


K. 
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measurements 


measurement 


measurement 


151 
177 

181 

178 

68 
03 


measurements  of 

Mm    Creek    (Catawba), 

of 

Mill    Creek    (Hiwassee), 

of 

Mill  Creek  (Oostanaula), 

of 

Mill  Creek  (Savannah),  measurement  of. 
Mill  Creek  (South  Fork  Holston)  features 

of 

measurements  of 

Mill  Creek  (Watauga),  features  of 90-91 

measurement  of 86 

Miller  Creek,  measurement  of 178 

Mills  River,  measurements  of 128 

Mineral  resources,  character  and  extent 

of 83 

Mitchell,  Prof essor,  quoted 21 

Mitchell  Biver,  features  of 168 

measurements  of 164 

Moody  Mill  Creek,  measurement  of 86 

Mooneyham  Branch,  features  of 129 

Moores  Creek,  measurement  of ISl 

Morganton  Improvement  Company,  for- 

estsownedby 29 

Morrllls  Creek,  features  of 55-.% 

Mossy  Creek,  North  Prong,  measurement 

of 179 

Mossy  Creek,  South  Prong,  measurement 

of 179 

Mountain  Creek,  measurements  of 143 

Mountaineers,  homes  of 30 

homes  of,  views  showing ;» 

Mountains,  elevations  of 12 

geologyof 15-17 

physiography  of 11-15 

Mountain  Island  Shoal,  North  Carolina, 

view  of 134 

Mountaintown  Creek,  measurement  of . .      IKI 

Mount  Mitchell,  features  of 21 

Muckalee  Creek,  measurements  of 179 

Mud  Creek,  measurementof 128 

Muddy  Creek,  measurements  of 151 

Mulberry   Creek    (Catawba),   meaHure- 

mentsof 152 

Mulberry  Creek  ( New ) ,  measurement  of .      172 

Mulberry  Biver,  features  of 166-167 

measurements  of 164 

Mnlky  Creek,  measurement  of 178 

Myers,  E.  W.,  acknowledgments  to 11 


Nantahala  Mountains,  mean  elevation  of.       18 

Nancys  Oeek,  measurement  of 1T9 

New  Biver,  features  of 160-170 

measurements  of 170 

tributaries  of,  features  of 170-175 

tributaries  of,  measurements  of . .  —  170 
New  Biver,  East  Fork,  measurements  of.  172 
New  Biver,  Middle  Fork,  measurements 

of 173 

water  poweron 173 

New  Biver,  North  Fork,  features  of 1  iTJ 

measurements  of 174 

tributaries  of,  measurements  of 1 74 

water  powers  in  basin  of 174 

New  Biver, South  Pork, features  of....  171-172 

measurements  of 172 

tributaries  of,  measurements  of 172 

water  powers  in  basin  of 173 

New  Biver,  West  Fork,  measurement  of.      172 
Newell,  F.  H. ,  letter  of  transmittal  by . . .         9 

Newfound  Creek,  features  of 135 

measurements  of 128 

Nickle  Creek,  measurement  of 177 

Nimblewill  Creek,  nieasurement  of 180 

Nolichucky  Biver,  drainage  basin  of. . .  105-106 

featuresof 18 

forests  in  basin  of 106 

measurements  of 107 

minerals  in  basin  of 106-107 

rainfall  in  basin  of 106 

water  powers  of 107 

tributaries  of,  features  ot 1 10-1 16 

tributaries  of,  mea.surement8  of 108-109 

views  of 106 

Nooutootly  Creek,  measurement  of 177 

North  Branch  or  Fork  of  any  stream,  see 
the  stream. 

North  Indian  Creek,  features  of 110 

measurements  of 108 

North  Saluda  River,  features  of *. . .  136-137 

measurements  of ^ •. 138 

North  Toe  Biver,  features  of 111-112 

measurements  of 108 

tributaries  of,  features  of 112-114 

Nottely  Biver,  measurements  of 177, 178 

O. 

'  Oconalufty  Valley,  view  of 174 

Okoee  Biver,  measurement  of 177 

view  of 178 

Old  Field  Creek,  measurement  of 172 

Oostanaula  River,  tributaries  of,  meas- 
urements of 181 

Owl  Creek,  measurementof 178 


Pacolet  Biver,  measurement  of 143 

Paddy  Creek,  features  of 15^ 

measurements  of 161 

Paw  paw  Creek,  measurement  of 128 

Peach  Bottom  Creek,  measurements  of. .  170 
Pedee  River.    See  Yadkin  River. 

Physiography,  features  of 11-16 

Pigeon  Creek,  measurements  of 108 

Pigeon  Roost  Creek  (Nolichucky),  meas- 

urementsof 106 
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Pl(;eon  Boost  Creek   (North  Toe),  fea- 
tures of  113 

Pinchot,  Qlfford,  reference  to 26 

Pine,  forest  of,  view  showing 26 

Plant  growth,  character  and  extent  of . . .  81 

density  of,  view  showing 80 

Plumtree  Creek  (Nolichucky),  measure- 
ment of  100 

Plumtree  Creek  (North  Toe),  water  iww- 

ersof 118 

Pomer  Creek,  features  of 09 

measurements  of 68 

Poplar,  forest  of,  view  showing 26 

occurrence  of 27 

Powdermill  Creek,  features  of 118 

Prather  Creek,  measurement  of 172 

Precipitation,  extent  and  character  of . ..  23-^ 

Price  Oeek,  measurements  of 100 

Pulp  millB,  wood  cut  for 28 

Pnzsle  Creek,  measurement  of 148 

Railroads,  names  and  location  of 20, 

-    26,27,28,2e,47»68,88 

See  aiao  Transportation. 
Rainfall.  See  Precipitation. 
Reddie  River,  features  of 166 

measurements  of 164 

Reedy  Patch  Oeek,  measurement  of 148 

Reems  Creek,  features  of 136 

measurements  of , 128 

Rhododendrons,  occurrence  and  charao* 

terof 26 

thicket  of,  view  showing 26 

Richland  Valley,  view  of 20 

Riddle  Creek,  features  of : 68 

measurements  of 63 

Ritter  Company,  forests  of  and  lumber-. 

ing  by .*  27-28 

Rivers,  general  features  of :.  17-20 

Roads,  character  of 20,33-34 

views  of 84,86,38 

Roan  Creek,  features  of 88-01 

measurements  of 86 

Roan  Mountain,  features  of 21 

Roaring  Creek  (Nolichucky),  measure- 
ment of  ."     100 

Roaring  Creek  (North  Toe),  features  of.  118 
Roaring  River,  features  of 167 

measurements  of 164 

Robersons  Creek,  measurement  of 143 

Rock  Creek  (French  Broad),  features  of.  128 
Rock  Creek  (Hiwassee),  measurement  of  177 
Rock  Oeek  (Nolichucky), measurements 

of 108,100 

R{)ckCreek(Oostanaula),mea8urementof     181 

Rock  disintegration,  extent  of 31-32 

Rockhouse  Oeek,  measurements  of 86 

Rocky  bed  of  mountain  streams,  view 

showing 105 

Rocky  River,  measurements  of 178 

Rosenbaums  Creek,  features  of 67 

Rush  Creek,  features  of 67 

measurements  of 63 

Run-off ,  effect  of  sinks  on 80-40, 48- 


S. 


St.  ClaJr  Creek,  features  of .. 

measurements  of 63 

Sakatouchee  River,  measurement  of 180 

Saluda  River,  features  of l»-ai.  lS>-iaB 

measurements  of I3B 

tributaries  of,  measurements  of 138 

Sand  deposits,  views  showing 34 

Sandymush  Creek,  features  of 134 

measurements  of 128 

Santee  Creek,  measurement  of 179 

Sapphire  country,  N.  C,  topography  in, 

viewshowing dl 

Saugahatchee  Creek,  measurement  of  . . .      181 
Savannah  River,  tributaries  of,  measure- 
ments of  178 

Sawmill  and  gristmill,  combined,  view 

of 108 

Scadin,  R.  H.,  acknowledgments  to U 

Scenery,  features  of 20-22 

Second  Broad  River,  features  of 144-145 

measurements  of 143 

Settingdown  Oeek,  measurements  of . . .      180 

Shady  Valley,  features  of 38,65-66 

Sharp  Creek,  features  of 58-69 

measurements  of 53 

Sheets  Oeek,  measurement  of 181 

Shell  Creek,  measurement  of 86 

Shelton  Laurel  Creek,  features  of 131 

Shoal  Creek,  measurement  of 1  iV 

Shutin  Creek,  features  of 130 

measurement  of 128 

Silver  Creek,  measurements  of 151 

Sinking  Oeek  (South  Fork  Holstoo),  fea- 
tures of  66-57 

measurements  of 58 

Sinking  Oeek  (  Watauga),  features  of . . .       87 

measurements  of 86 

Sinks,  occurrence  and  features  of..  30,43,78,87 

Skeenah  Creek,  measurement  of 177 

Skyuka  Falls,  N.  C,  view  of 21 

Smith  wick  Oeek,  measurement  of 180 

Smoky  Mountains,  features  of 13-14 

highest  peaks  in 14 

Snow  Oeek  (Nolichucky).  measurement 

of 108 

Snow  Chreek  (North  Toe),  water  powers 

of 113 

Soil  and  vegetation,  character  and  extent 

of 30-33 

Soque  River,  measurements  of 179 

South  Branch  or  Fork  of  any  stream,  hee 

the  stream. 
South  Indian  Creek,  features  of 110 

measurements  of 108 

South  Saluda  River,  features  of 187-138 

measurements  of 138 

South  Toe  River,  features  of Hi 

measurements  of 109 

Splash  dam,  view  of 108 

Spring  Creek  (French  Broad),  features 

of 130 

measurements  of 128 

Spring  Creek  (South  Fork  Holston),  fea- 
tures of  ............. 8M0 
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Spring  Creek   (South    Fork    Holaton), 

measarements  of 53 

Springs,  oocarrence  and  character  of ..  .      19, 

Spmoepine,  N.  C. ,  road  near,  view  of —       88 
Squirrel  Creek  (Nolichucky),  meaflure- 

ment  of IW 

Squirrel   Creek  (North   Toe),   features 

o: 113 

Staleys  Creek,  features  of 78-77 

measurement  of 73 

Stanley  Oeek ,  measurement  of 177 

Steel  Creek,  features  of 157 

measurement  of 162 

Stekoa  Creek,  measurement  of 178 

Stink  Creek,  measurements  of 177, 178 

Stock  raising,  extent  of 30-31,41,47 

Stokes,  H.  G. ,  acknowledgments  to 11 

Stony  Creek  (Watauga),  features  of 89 

measurements  of 80 

Stony  Oeek  (Yadkin) ,  features  of 185 

measurements  of 184 

Stream  flow,  relation  of  forests  to 30,31-33 

Stream  measurement,  methods  of 34, 48 

Svchea  Creek,  measurements  of 177, 178 

Sugar  Mountain,  elevation  of 163 

Sumach  Creek,  measurement  of 181 

Sunflower  River,  measurement  of 180 

Swannanoa  Rapids,  view  of 118 

Swannanoa  River,  measurement  of 128 

Swannanoa  River,  North  Fork,  measure- 

mentof 138 

Sweetwater  Creek,  measurement  of ... .      179 

T. 

Talking  Rock  Creek,  measurement  of  . . .      181 
Tallapoosa  River,  measuremen  ts  of 181 

tributaries  of,  measurements  of 181 

Talona  Creek,  measurement  of 181 

Tate  Oeek,  measurement  of 179 

ToUico  River,  measurements  of 178, 177 

Temperature,  variation  in 22-2B 

Tennessee  River,  features  of 17-18 

tributaries  of,  measurements  of 178-177 

Tessantee  Creek,  East  Fork,  measure- 
ments of  179 

Thomas  Creek,  features  of 57 

measurement  of 53 

Three  Fork  Creek,  measurement  of 109 

Threemlle  Creek,  measurements  of 106 

Threetop  Oeek,  measurements  of 174 

waterpowers  of 174 

Tickanetley  River,  measurement  of 181 

Tiger  Creek,  measurement  of 178 

Tiger  River,  measurement  of 143 

Toccoa  River,  measurements  of 177, 178 

Toe  River,  measurements  of 108 

Tombigbee  River,  measurement  of 180 

Topography,    smoothly    rounded,   view 

showing 24 

Town  Creek  (Hiwassee),  measurement 

of 177 

Town  Creek  (Watauga),  features  of 91 

measurements  of 86 

Transportation,  means  of 47,58,83 

$ee  also  Railroads. 


Page. 
Transylvania    County,    N.  C,  features 

of 118-117 

Tuckasegee  Falls,  viewof 176 

Tnckasegee  River,  view  of 176 

water-power  development  on,  view 

of 178 

Tucker  Creek,  measurement  of 128 

Turkey  Creek,  features  of 134 

measurements  of 128 

Turkey  Cove  Creek,  measurements  of . . .      151 

TJ. 

Unaka  Mountains,  features  of 36-88 

Upper  Creek,  features  of 156-157 

measurements  of 151 

Upper  Laurel  Oeek,  measurements  of . .       86 

V. 

Valley  Creek,  measurement  of 180 

Valley  of  East  Tennessee,  features  of.  20,38-39 
Valley  River  Mountains,  mean  elevation 

of 13 

Vegetation  and  soil,  character  and  extent 

of 30-33 

Wahoo  Oeek,  measurement  of 179 

Walker  Creek,  features  of 75 

measurements  of 73 

Walnut  Creek,  features  of 132 

measurements  of 128 

Watauga  Lumber  CompMuiy,  forests  of 

and  lumbering  by 27 

Watauga  River,  drainage  basin  of 77-81 

features  of 18 

measurements  of 83-84 

minerals  in  basin  of 83 

rainfall  in  basin  of 81-83 

springs  in  basin  of 82 

timber  in  basin  of 82-83 

transportation  facilities  in  basin  of  . .       83 

tributaries  of,  features  of 87-06 

tributaries  of,  measurements  of 86-86 

water  powers  of 84-85 

Water  resources,  features  of 17-30 

Wateree  River.    See  Catawba  River. 
Weaver  Oeek  (Hiwassee),  measurement 

of 178 

Weaver  Creek  (South  Fork  Holston),  fea- 
tures of  55 

Wedstone  Oeek,  features  of 68 

West  Branch  or  Fork  of  any  stream,  aee 

the  stream. 
Whiteoak  Oeek  (Broad),  measurement 

of 143 

Whiteoak  creeks  (Nolichucky),  meosure- 

mentsof 100 

Whites  Creek,  measurement  of 179 

Whiteside  Mountain,  features  of 22 

view  of 34 

Whitetop  Creek  (Laurel  Fork  Holston), 

features  of 66-67 

Whitetop  Oeek  (South  Fork  Holston), 

measurements  of 62 

Widner  Creek,  features  of 87 
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Wildcat  Creek,  measiireinent  of 181 

Williams  Creek,  measurement  of 177 

Willieo  Creek ,  measarements  of 180 

Wilson  Creek  (Catawba),  measurement 

of 152 

Wilson    Creek    (New),    measurements 

of 170 

Wilson  Creek  (Watauga),  measurement 

of 85 

Wind  Creek,  measurement  of 181  ' 

Wolf  Creek  ( French  Broad),  features  of. 

139-130 
Wolf   Creek  (Hiwassee),    measurement 

of 177 

Wolf  Creek  (South  Fork  Holston),  fea- 
tures of 60-61 

measarements  of 53 


Y. 


Yadkin  Biver,  drainage  basin  of 156-11 

features  of t 

forests  in  basin  of 1# 

measurements  of 1( 

soils  in  basin  of 100-1( 

tributaries  of,  features  of 1I&-1I 

tributaries  of,  measurements  til 161 

water  powers  of lCS-16t 

Yahoola  Oeek,  measurements  of 179 1 

Yalabusha  River,  measurements  of iHtt 

Yellow  Creek  (Chattahoochee  >,  measure- 
ment of  1T» 

Yellow  Creek  (Etowah ) ,  measurement  of .      1>0 

Yellow  Mountain ,  elevation  of 13 

Yonahlossee  road,  view  of 38 

Young  Cone  Creek,  measurement  of 177 
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